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[57] ABSTRACT 

This invention describes the application of selected 
polymers as novel drug delivery systems which use the 
body temperature and pH to induce a liquid to gel tran- 
sition of the polymer which contains a drug or thera- 
peutic agent therein. The goal of such a delivery system 
is to achieve a greater degree of bioavailability or sus- 
tained concentration of a drug. 

54 CSaims, 2 Drawing Figures 
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OPHTHALMIC DRUG DELIVERY SYSTEM sTe^gThTtr^ruUr''"' '""''^ 

UTILIZING THERMOSETIING GELS I, dircLve'd that certain polymers are use- 

BACKOROTlMn OK TMF TMVPM-Fimvr . vehicles having the properties set forth above. The 

BACKGROUND OF THE INVENTION 5 polymers are tetra substituted derivatives of ethylene 

A major loss of drugs administered to the eye is via diamine (poloxamine, w=:2 in Formula I), propylene 
the lacrimal drainage system so that only a small frac- diamine (w=3), butylene diamine (w=4X pentylene 
tion of the dose remains in the eye for an extended diamine (w=5) or hexylene diamine (w=6). The sub- 
period of time from a liquid drop formulation. stituents are block copolymers of poIy(oxypropylene) 

Different approaches have been taken to slow down and poIy(oxyethylene) of various chain lengths and 

this rapid loss of drug by using viscous solutions, gels. ratios x to y in the general formula of the polymer 

omtments and solid inserts. shown below. 

Improvement in drug delivery has been achieved by 
these methods especially with the use of solid inserts 

where a large reduction in dose is possible while achiev- »5 h(0C2H4V0C3H6), (CaHfiOMCzH^cST ^ 

ing the same therapeutic response as a liquid drop \ / ^ /j^ 

which must be administered more frequently and at n— (CH2)«,— N 

higher drug concentration. H(OC2H4)j<OC3H6)x (C3H6OMC2H4O) Ji 

A principal advantage of the present invention is that 

it permits the accurate, reproducible unit dosing of a 20 wherein w is an integer from 2 through 6 

of?hrHntof ^"'''^ using volumetric fluid delivery A typical polymer system of our invention would 

of the dosage prescribed while effecting the ultimate contain a polymer containing approximately 40 to 80% 

delivery of a semi-solid or ngid gel state. Convention- poly(oxyetoylene) and approximately 20 to 60^^^^ 

mu^idnl.^'Hn ""^'f deliver preformed gels from (oxypropylene). The totaf molecular VeigS o^^^^^^ 

content in delivering reproducible quantities. Conven- ^tT^rff^ t ^.n^ T P^^^^^^^^V ^he 

tionally. voids and packing or consolidation problems ^^f^' ^ T ""7 

result when administering semi-solid preparations volu- Z^Vf 1^ constraints. Preferred polymers are 

metrically. The present invention provides extremely 30 ^^«^<^ ^=2. namely the 

accurate and uniform content of dose which is critical Po^o^amme polymer. 

for many potent drugs. aqueous drug delivery vehicle would contain 

A significant disadvantage to a solid insert however is "^^'^^^ ^e^^^^e ^ 

that many patients have a difficult time inserting a solid Polymer described above. The aqueous drug delivery 
object into the cul-de-sac of the eye and removing said 35 ^^"'^^f would also contain the drug or therapeutic 
solid object, agent in addition to various additives such as acids or 

Another approach to these problems is to use a for- ^? adjust the pH of the composition, buffers to 

mulation which is a liquid at room temperature but maintain the pH, preservatives to control bacterial con- 
which forms a semi-solid when warmed to body tem- tamination. other additives to provide for drug solubil- 
peratures. Such a system has been described in U.S. Pat 40 stability and formulation performance with puri- 

No. 4,188,373 using "Pluronic® polyols" as the ther- water making up the remainder of the drug deliv- 

mally gelling polymer. In this system the concentration vehicle. 

of polymer is adjusted to give the desired sol-gel transi- DETAILED DESCRIPTION OF THF 

tion temperature, that is lower concentration of poly- iNVF>rrinN 
mer gives a higher solution-gel (sol-gel) transition tem- 45 iiN vtsiN IIUIN 

perature. However, with the currently commercially '^^^ invention consists of a pharmaceutical composi- 
available "Pluronic ®" polymers the ability to obtain a tio" o*" drug delivery system which is a clear physiolog- 
gel of the desired rigidity is limited while maintaining >cal acceptable solution at room temperature or lower 
the desired sol-gel transition temperature at physiologi- but which forms a semi-solid or gel when placed in the 
cally useful temperature ranges near Ze^-SS" C. 50 eye. The unique feature of this system is that both the 

Similarly Canadian patent 1072413 which relates to gel transition temperature and/or the rigidity of the gel 
(poloxamer) gel systems with gelling temperatures can be modified by adjustment of the pH and or ionic 
higher than room temperature uses additives to bring strength and polymer concentration, 
about the gelling characteristics of the polymer which The ability to change the sol-gel transition tempera- 

contains therapeutic or other type agents. Also in this 55 ture by pH adjustment is a critical feature of the inven- 
Canadian patent "Tetronic (g)** polymers are used as tion which overcomes many of the disadvantages of 
additive agents rather than the primary polymeric agent previous approaches. Also the sol-gel transition temper- 
as in the instant case. ature can be modified somewhat by ionic strength ad- 

SUMMARY OF THE INVENTION ^„ justment. _ _ ^ ^ ^. , , 

60 An example of a drug delivery vehicle in accordance 

The present invention provides a pharmaceutical with this invention consists of an aqueous solution of, 

vehicle which is useful in delivering pharmacologically for example, a tetra substituted ethylene diamine block 

active medicaments to the eye and in some cases as in copolymer of poly(oxyethylene)-poly(oxypropylene) 

dry eye using the vehicle alone. The drug delivery (where w = 2 in Formula I) in which the substitution at 

system consists of a clear physiologically-acceptable 65 the nitrogen is to the poly(oxy propylene) block and the 

liquid which forms a semi-solid "gel" at human body polymer consists of about 40-80% as the poIy(oxyethy- 

temperatures. The sol-gel transition temperature and lene) unit and about 20-60% as the polypropylene unit 

rigidity of the gel can be modified by changes in poly- and which has a total average molecular weight of 7,000 
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to 50,000 with a preferred range of 7,000-30,000. Such 
polymers are included in the polymers sold under the 
trademark *Tetronic ®" polyols by BASF Wyandotte 
Corporation. 

Other polymers where w = 3 to 6 (of Formula I) can 5 
be made according to methods known in the art (Block 
and Graft Copolymerization, Vol. 2 edited by R. J. 
Ceresa published by John Wiley and Sons, 1976) by 
using the appropriate initiators such as for example 
propylenediamine, butylenediamine, pentylenediamine 10 
and hexylenediamine. 

The preferred polymers are those which form gels at 
a concentration range of 10 to 50% of the polymer to 
water. 

A good example of a typical polymer used in the drug 15 
delivery system of our invention is Tetronic® 1307 
which thermally gels over a concentration range of 
about 15% to 35% in water with gelling temperatures 
of about 30* C. to 10' C. at neutral pH. The gel strength 
at 35% concentration is much more rigid than at the 20 
15% gel concentration. However, with a solution-gel 
transition temperature of about 10* C. for the 35% solu- 
tion any useful liquid product would have to be refrig- 
erated below this temperature. A useful vehicle can be 
prepared however by modification of both concentra- 25 
tion and pH. For example a 27% Tetronic® 1307 solu- 
tion at neutral pH has a gel-sol transition temperature of 
about 16* C. but at pH 4 (adjusted to such with HCl at 
10* C.) the transition temperature is about 25* C. The 
gel formed under these conditions meets the require- 30 
ments of a fairly rigid gel which is a liquid at room 
temperature. 

The effect of pH and polymer concentration on gel- 
ling temperature for Tetronic ® 1307 is shown in FIG. 
1. Thus, for example, at a concentration of polymer to 35 
water of 25% the gelling temperature is 19* C. at pH 6 
and increases to 26* C. at pH 4. 

For administration of the drug delivery system of our 
invention to the eye as drops, the pH of the system can 
range from 2 to 9 with the preferred pH range being 4 40 
to 8. The pH, concentration and gelling temperatures 
will vary for any individual polymer falling within the 
class covered in this invention and these factors can be 
determined by those skilled in the art in possession of 
this concept. 45 

The pH of the drug delivery system is adjusted by 
adding the appropriate amount of a pharmaceutically 
acceptable acid or base to obtain the required pH. The 
acid or base can be any that are known to p>ersons 
skilled in the art but are preferably hydrochloric acid or 50 
sodium hydroxide. 

In general the ophthalmic drug delivery vehicle of 
the present invention will contain from about 0.01 to 
about 5% of the medicament or pharmaceutical, from 
about 10% to about 50% of the polymer and from 90% 55 
to about 45% water. In special situations, however, the 
amounts may be varied to increase or decrease the dos- 
age schedule. 

If desired, the drug delivery vehicle may also contain, 
in addition to the medicament, buffering agents and 60 
preservatives. Suitable water soluble preservatives 
which may be employed in the drug delivery vehicle 
are sodium bisulfite, sodium thtosulfate, ascorbate, 
benzalkonium chloride, chlorobutanol, thimerosal, 
phenylmercuric borate, parabens, benzyl alcohol and 65 
phenylethanoi. These agents may be present in amounts 
of from 0.001 to 5% by weight and preferably 0.01 to 
2%. Suitable water soluble bufTering agents are alkali or 
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alkali earth carbonates, phosphates, bicarbonates, ci- 
trates, borates, acetates, succinates and the like, such as 
sodium phosphate, citrate, borate, acetate, bicarbonate 
and carbonate. These agents may be present in amounts 
sufficient to maintain a pH of the system of between 2 to 
9 and preferably 4 to 8. As such the buffering agent can 
be as much as 5% on a weight to weight basis of the 
total composition. 

Another factor which can affect the gelling tempera- 
ture of the drug delivery vehicle or pharmaceutical 
composition is its ionic strength and this can be varied 
by adding to the drug delivery vehicle a pharmaceuti- 
cally acceptable salt, such as sodium chloride, potas- 
sium chloride or mixtures thereof or even suitable alkali 
metal salts such as sodium sulfate and the like. The 
effect of adding sodium chloride is to decrease the gel- 
ling temperature by about 3' C. for a change of 0.2 
molar in ionic strength. Fortunately for a typical oph- 
thalmic dosage the pH and ionic strength effects will 
help maintain the drug delivery system as a gel in the 
eye. For example, a 27% thermally gelling solution 
(thermogel) at pH 4 and low ionic strength (about 0) 
when in the eye will be bathed with pH 7.4 and isotonic 
lacrimal fluid which at the surface of the gel will act to 
lower the gel-sol transition temperature thus helping to 
maintain and insure a gelled formulation in the eye 
rather than having the drug delivery system liquefy and 
perhaps be eliminated rapidly from the eye through the 
lacrimal drainage system. 

A unique aspect of the gel which is formed in situ in 
the eye or preferably in the inferior cul-de-sac of the eye 
is its prolonged residence time compared to conven- 
tional ophthalmic solutions. The tear turnover usually 
dilutes and depletes the drug reservoir very rapidly in 
conventional solutions. The thermogel formulation dis- 
solves more slowly and promotes an enhanced delivery 
of the dissolved or dispersed agent within it. This pro- 
longed residence time leads to more effective levels of 
concentration of agent in the tear film. An example of 
this longer residence time of the drug in the tear film is 
shown in FIG. 2. The two thermogel formulations 
show a higher concentration of timolol for an extended 
period of time than the conventional marketed product. 
A dose sparing effect on the total amount of drug or 
agent applied and greater therapeutic effectiveness can 
be achieved with the thermogel formulations due to 
higher concentration of agent in the tear film when the 
agent penetrates the eye if this is desired or within the 
tear film if penetration is not desired. 

Any pharmaceutically active material or diagnostic 
agent may be delivered in the drug delivery system of 
this invention. Preferably the drug or pharmaceutical is 
water soluble although some drugs will show greater 
solubility in the polymer system than others. Also the 
drugs or diagnostic agents can be suspended in the poly- 
mer vehicle. 

Suitable drugs or diagnostic agents which can be 
administered by the drug polymer delivery system of 
the present invention that might be mentioned are: 
(1) antibacterial substances such as beta-lactam antibi- 
otics, such as cefoxitin, n-formamidoyl-thienamy- 
cin and other thienamycin derivatives, tetracy- 
clines, chloramphenicol, neomycin, carbenicillin, 
colistin, penicillin G, polymyxin B, vancomycin, 
cefazolin, cephaloridine, chibrorifamycin, gramici- 
din, bacitracin, sulfonamides; aminoglycoside anti- 
biotics such as gentamycin, kanamycin, amikacin, 
sisomicin and tobramycin; naladixic acid and ana- 
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logs such as norfloxacin and the antinriicrobial com- (14) chelating agents such as cthylenediamine tetr- 

and the"lik" ' aacetate (EDTA) and deferoxamine; 

r^f »nti'hi«iJ;l,:^o . . u •. ^'^^ immunosuppressive agents and anti-metabolites 

(2) antihistammics and decongestante such as pynla- such as methotrexate, cyclophosphamide. 6-mer- 

ITn^knl the ' captopurine. and azathiojrinf; and 

ant; i«n..r««,o*«l;-. . l ^ (16) combinations of the above such as antibiotic/an- 

^ {T u^Z^r^T . f ti-inflammatory as in neomycin sulfate-dexametha- 

sone, hydrocortisone acetate, betamethasone, dexa- sone sodium ^^^^ 7- 

methasone. dexamethasone sodium phosphate. ^rucoma hL^!^ ^ - 

prednisone, methylprednisolone. medrysone. fluor: 10 £ "^^ ° ° maleate-acech- 

ometholone, fluocortolone. prednisolone, prednis- Tvniniitv c*o*^^ ™. • i *u i- ^ ^ 

(4) mi'otics and anticholinergics such as echothio- '5 Zf^L'°3!!* b^f"- Thus, from one drop of the 
phate, pilocarpine, physostigmine salicylate, diiso- r o ^ m J k'^'^'^II^.^^'"' ""^ 
propyinuorophosphate. epinephrine, dipivolyl ^pl mg of drur ""^ *° ' 

nephrine, neostigmine, echothiopate iodide, deme- «orfj„..i„, ^« . - , 

carium bromide, carbachol. meLcholine betha- Jc^l^^'l'^l^ ^'i" P^^^* 

nechoJ and the like* 20 fnaceutical composition of this invention is the type 

(5) mydriatics such as Atropine, homatropine. scopol- Z^Ll iTtU """^ v 'T'^ P^^""«^°^pSi^^' 
amine, hydroxyamphet^ine, ephedrine, cocaine, '^'^n" p condition from which said patient is 
tropicamide, phenylephrine, cyclopentolate. oxyl "^,^Zn^'. T'^^r' u ^^''^T u^^f ""^ ^'^"^ 
phenonium, eucatropine, and the like; and other gf"*^^"'^^ <^ho,ce would probably be timo- 
medicaments used in the treatment of eye condi- ^ a i • i j j ■ • • 

tions or diseases such as , f^^^ included m this invention is the use of the drug 

(6) antiglaucoma drugs for example, timolol, espe- fu 7 '^7'''^ P^annaceutical composition minus 
cially as the maleate salt and R-timoIol and a com- active drug or medicament for the treatment of dry 
bination of timolol or R-timoIol with pilocarpine. ^ye AU the ratios of components as described above 
Also included are; epinephrine and epinephrine ^°"'*L*^ satisfactory for the composition used for dry 
complex or prodrugs such as the bitartrate, borate, ^^^d^'^'' administer drops as 
hydrochloride and dipivefrin derivatives and hy- ^ . 

perosmotic agents such as glycerol, mannitol and ^ 1 he preparation of the drug delivery systems are 

urea; descnbed below and the appropriate examples which 

(7) antiparasitic compounds and/or anti-protozoal were all carried out accordmg to this procedure, 
compounds such as ivermectin; pyrimethamine, f*"^ polymer systems of this invention dissolve 
trisulfapyrimidine, clindamycin and corticosteroid ^'^5 Reduced temperatures, the preferred methods 
preparations; of solubilization are to add the required amount of poly- 

(8) antiviral effective compounds such as acyclovir, 40 f° amount of water to be used. Generally, after 
5-iodo-2'-deoxyuridine (IDU), adenosine arabino- wetting the polymer by shaking, the mixture is capped 
side (Ara-A), trifluorothymidine, and interferon placed in a cold chamber or in a thermostated con- 
and interferon inducing agents such as Poly I:C; tainer at about 0* C. to 10* C. to dissolve the polymer. 

(9) carbonic anhydrase inhibitors such as acetazolam- mixture can be stirred or shaken to bring about a 
ide, dichlorphenamide, 2-(p-hydroxyphenyl)thio-5- 45 ^^P*** solution of the polymer, 
thiophenesulfonamide, 6-hydroxy-2-benzo- drug substance or medicaments and various addi- 
thiazolesulfonamide and 6-pivaIoyloxy-2-benzo- ^"^h as buffers, salts and preservatives are then 
thiazolesulfonamide; added and dissolved. The final desired pH adjustment 

(10) anti-fungal agents such as amphotericin B, nysta- ^an be made by adding the appropriate acids or bases 
tin, flucytosine, natamycin, and miconazole; 50 ^^^^ ^ hydrochloric acid or sodium hydroxide to the 

(U) anesthetic agents such as etidocaine cocaine, drug delivery system. 

benoxinate, dibucaine hydrochloride, dyclonine When used in the eye the pharmaceutical composi- 

hydrochloride, naepaine, phenacaine hydrochlo- ^^O" w*ll he administered as a fluid by any conventional 

ride, piperocaine, proparacaine hydrochloride, means of delivering drop formulations to the eye such 

tetracaine hydrochloride, hexylcaine, bupivacaine, 55 as by means of an eye-dropper or by using an Ocumet- 

lidocaine, mepivacaine and prilocaine; er ®. Typically these formulations are intended to be 

(12) ophthalmic diagnostic agents such as administered into the inferior cul-de-sac of the eye. This 

(a) those used to examine the retina and choride- can easily be accomplished by distending the lower lid 
sodium fluorescein; from the eye and applying the drop within the sac and 

(b) those used to examine the conjunctiva, cornea 60 then releasing the lid. 
and lacrimal apparatus such as fluorescein and 

rose bengal; and EXAMPLES 

(c) those used to examine abnormal pupillary re- The following examples are illustrations and are not 
sponses such as methacholine, cocaine, adrena- intended to be restrictive of the scope of the invention, 
line, atropine, hydroxyamphetamine and pilocar- 65 All percentages are given in (w/w) % and all pH 
P*"^^ measurements are for 10* C. In the animal experiments, 

(13) ophthalmic agents used as adjuncts in surgery 25 mg of each solution was administered to tne inferior 
such as alpha-chymotrypsin, and hyaluronidase; cul-de-sac of the eye. 



10/04/2001, EAST Version: 1.02.0008 



4,474,751 



EXAMPLE 1 
The use of the polymer vehicle to deliver pilocarpine. 
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EXAMPLE 3 
The use of the polymer vehicle to deliver Norfloxa- 





Solution 1 


Solution 2 


Solution 3 


Pilocarpise 
Tctronic 1307 
pH adjusted with 
HClto 


0.5% 
27.0% 
4.0 . 


0,1% 
27.0% 
4.0 


0.5% 
4.0 


suflictent purified 
water to make 


100% 


100% 


100% 


gel-sol transi- 
tion temp. 


26* C. 


26' C. 





10 



IS 



Pilocarpine is known to produce a miotic effect (con- 
striction of the iris). In an experiment in rabbits the 
miotic effect of pilocarpine in the thermally gelling 
solutions land 2 was compared with solution 3. a con- 
ventional liquid drop. The pupillary diameter change 
was measured over 3 hours. The results showed solu- 
tion 1 had a larger area under the curve than 2 or 3 and 
that solutions 2 and 3 had about the same AUC. The 
relative area under the curve measurements: 





Solution I 


Solution 2 Solution 3 




Norfloxacin 
Tetronic 1307 
pH adjusted with 
HCl to 


0.1% 
22.0% 
4 


0.1% 
27.0% 
4 


0.1% 
32.0% 
4 


0.1% 
4 


suflicicnt puri- 
fied water to 


100% 


100% 


100% 


100% 


make 










gel-sol transi- 
tion temp. 


30* C. 


26- C. 


21* C. 





The concentration of norfloxacin was measured in 
the lacrimal fluid with time. The elimination rates of 
norfloxacin were slower for the thermally gelling solu- 
tions 1. 2 and 3 and produced larger AUC. 



Solution 



Relative AUC 



25 



Solution 



Relative AUC 



2.2 
1.7 
1.9 
I 



1.3 
0.9 
1.0 



30 



EXAMPLE 4 



These results indicate about a 5-foId reduction in 
pilocarpine concentration in the thermally gelling solu- 
tion (solution 2) can produce a similar pharmacological 
response as a conventional drop (solution 3). 

EXAMPLE 2 
The use of the polymer vehicle to deliver timolol. 



35 





Solution 1 


Solution 2 


Norfloxacin 


a4% 


0.2% 


Tetronic 1307 


27.0% 


0.0% 


pH adjusted with HO to 


4 


4 


suflicient purified water 


100% 


100% 


to make 







Solution 1 




Timolol maleate 


0.68% 


0.68% 


Tetronic 1307 


22.0% 


27.0% 


pH adjusted with Ha to 


4 


4 


sufficient water to make 


100% 


100% 


gel-sol transition 


30* 


26- 


temperature 





40 



45 



The thennaDy gelling solutions 1 and 2 were com- 
pared to the commercially available Timoptic ® solu- 50 
tion (Timolol maleate 0.68%). The experiment involved 
measurement of the lacrimal fluid concentration of the 
drug with time. Even though a biological response is 
not measured, the effect of the thermally gelling solu- 
tions in maintaining higher drug concentrations for 55 
extended periods of time provides an indication of the 
response the drug should have. The solutions can be 
compared from the first-order decay rates and AUC. 



The solutions in Example 4 can be used to demon- 
strate that a larger dose of drug can be administered in 
the thermally gelling solution without exceeding the 
saturation level of the drug. Solutions 1 and 2 in the 
rabbit eye both give initial concentrations of about 2 
mg/ml even though solution 1 has twice the concentra- 
tion. The slower release from such a thermally gelling 
solutions would be of value under such conditions. 

EXAMPLE 5 



Solution 




Relaiive 


Half-life 


AUC 


Solution 1 


3.8 min. 


2.7 


Solution 2 


13 min. 


3.3 
1 


Timoptic'^ 


1.1 min. 



The thermally gelling solutions provide much slower 
elimination rates of the drug from eye. 



60 



65 



Dexamethasone 


0.05% 




Tetronic 1307 


30.0% 




Benzalkonium chloride 


0.02% 




pH adjusted with HCl to 


4 




sufHcient purified water to make 


100% 




gel-sol transition temperature 


21' 




EXAMPLE 6 


Gentamyctn Sulfate 


0.1% 




Tetronic 1307 


25.0% 




Benzalkonium chloride 


0.01% 




Sodium chloride 


0.05% 




pH adjusted with HCl to 


4 




sufficient purified water (o make 


100% 




gcl-sol transition temperature 


26* 
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Chloramphenicol 
Tetronic 1308 
Sodium acetate 
Benzalkontum chloride 
pH adjusted with HCI to 
sufTicient purified water to make 
gel-sol transition temperature 



0.5% 
20.0% 

0.3% 
0.01% 
5 

100% 
27' 



10 



If the pharmaceutical compositions of Examples 5-7 
were compared with similar compositions but without 
the polymer, it would be expected that the compositions 
of Examples 5-7 would result in greater bioavailability 
and/or sustained concentrations of the drug in the eye. 

Following the procedure of Examples 1-6 one can 
use an appropriate amount of the polymers listed below 
in place of the Tetronic 1307 or Tetronic 1508 polymer 
used in Examples 1-6 and 7, 

Tetronic 1107 2° 

Tetronic 908 

Tetronic 707 

Following the procedure of Examples 1-7 one can 
use an appropriate amount of the drugs or medicaments 
previously enumerated in this application in place of the 
drug or medicament used in Examples 1-7. 

What is claimed is: 

1. An aqueous pharmaceutical composition for treat- 
ing an eye condition requiring pharmacological treat- 
ment comprising 

a. 10% to 50% by weight of a polymer of the formula 



H(OC2H4)/CX:3H6)x^ ^(C3H<iOUC2H40)jH 35 

^N— (CH2),r— N 
H(OC2H4)^OC3H6)j, (C3H60)x(C2H40)^K 

wherein w is an integer from 2 to 6 containing 40 
approximately 40% to 80% poly(oxyethylene) and 
approximately 20 to 60% poly(oxypropylene) and 
having a molecular weight of 7,000 to 50,000; and 
x and y are any integers within the above con- 
straints, ^5 

b. a pharmacologically effective amount of a pharma- 
ceutical or diagnostic agent; and, 

c. a pharmaceutically acceptable acid or base being in 
sufficient quantity to adjust the pH of the composi- 
tion to range from 2 to 9 and wherein the composi- 50 
tion is liquid at about room temperature or below. 

2. An aqueous pharmaceutical composition for treat- 
ing an eye condition requiring pharmacological treat- 
ment comprising 

a. 10% to 50% by weight of a polymer of the formula 55 



H(OC2H4)/OC3H6),^ ^(C3H6O)x<C2H40)j^ 

N— (CH2)h,-N 
/ \ 60 

H(OC2H4)/OC3H6)x (C3H60)x(C2H40)^ 

wherein w is an integer of from 2 to 6 containing 
approximately 40% to 80% poly(oxyethylene) and 
approximately 20 to 60% poly(oxy propylene) and 65 
having a molecular weight of 7,000 to 50,000; and 
X and y are any integers within the above con- 
straints, 



b- a pharmacologically effective amount of a drug 
selected from the group consisting of antibacterial 
substances, antihistamines and decongestants, anti- 
inflammatories, miotics and anticholinergics, myd- 
riatics, antiglaucoma drugs, antiparasitics, antiviral 
effective compounds, carbonic anhydrase inhibi- 
tors, anesthetic agents, ophthalmic diagnostic 
agents, ophthalmic agents used as adjuvants in 
surgery, chelating agents, immunosuppressive 
agents and anti-metabolites or combinations of any 
of the above; and, 
c. a pharmaceutically acceptable acid or base being in 
sufficient quantity to adjust the pH of the composi- 
tion to range from 2 to 9 and wherein the composi- 
tion is hquid at about room temperature or below. 

3. The composition of claim 2 wherein the polymer is 
one where w is 2, 

4. The composition of claim 2 wherein the polymer is 
Tetronic 1307®. 

5. The composition of claim 2 wherein the gel-sol 
transition temperature of the composition is room tem- 
perature or below and said composition is liquid at this 
temperature. 

6. The composition of claim 2 wherein the antibacte- 
rial substances are selected from the group consisting of 
beta lactam antibiotics, tetracyclines, carbenicillin, co- 
listin. penicillin G, polymyxin B, vancomycin, chloram- 
phenicol, neomycin, gramicidin, bacitracin, cefazolin, 
cephaloridine. chibrorifamycin, sulfonamides, amino- 
glycoside antibiotics, tobramycin, nitrofurazone. nali- 
dixic acid and norfloxacin and the antimicrobial combi- 
nation of fludalanine/pentizidone. 

7. The composition of claim 2 wherein the antihista- 
minics and decongestants are selected from the group 
consisting of perilamine. chlorpheniramine, tetrahy- 
drazoline and antizoline. 

8. The composition of claim 2 wherein the antiinflam- 
matory drugs are selected from the group consisting of 
hydrocortisone acetate, cortisone, hydrocortisone, 
betamethasone, dexamethasone, fluocortolone, prednis- 
olone, methyl prednisolone, medrysone, fluorometho- 
lone, prednisolone sodium phosphate, triamcinolone, 
indomethacin, sulindac and its salts and correspondinfi 
sulfide, 

9. A composition of claim 2 wherein the miotics and 
anticholinergics are selected from the group consisting 
of echothiophate, pilocarpine, physostigmine salicylate, 
diisopropylfluorophosphate, carbachol, methacholine, 
bethanechol, epinephrine, dipivefrin, neostigmine, 
echothtopateiodide and demecium bromide. 

10. The composition of claim 2 wherein the mydriat- 
ics are selected from the group consisting of atropine, 
homatroptne. scopolamine, hydroxyamphetamine, 
ephedrine, cocaine, tropicamide, phenylephrine, cyclo- 
pentolate, oxyphenonium and eucatropine. 

11. The composition of claim 2 wherein the anti- 
glaucoma drugs are selected from the group consisting 
of timolol, R-timolol, the hydrogen maleate salt of timo- 
lol, the combination of timolol and R-tiraolol with pilo- 
carpine, epinephrine and epinephrine complex or pro- 
drugs and hyperosmotic agents. 

12. A composition of claim 2 wherein the antipara- 
sitic or antiprotozoal compound is ivermectin, pyri- 
methamine, trisulfapyrimidone, clindamycin and corti- 
costeroid preparations. 

13. The composition of claim 2 wherein the antiviral 
effective compounds are selected from the group con- 
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sisting of acyclovir, interferon, 5-iodo-2'-deoxyuridine, 
adenosine, arabinoside and trifluorothymidine. 

14. The composition of claim 2 wherein the carbonic 
anhydrase inhibitors are selected from the group con- 
sisting of 2-(p-hydroAyphenyI)thio-5-thiophenesulfoni- 
mide, 6-hydroxy-2-benzoth!azoIsulfonamide, 6- 
pivaIoyloxy-2-benzothiazolesulfonamide, acetazolam- 
ide, and dichiorphenamide. 

.15. The composition of claim 2 wherein the antifun- 
gal agents are selected from the group consisting of 
amphoteriuni B, nystatin, flucytosine, natamycin and 
miconazole. 

16. The composition of claim 2 wherein the anes- 
thetic agent is selected from the group consisting of 
etidocaine, cocaine, benoxinate, dibucaine hydrochlo- 
ride, dyclonine hydrochloride, naepaine, phenacaine 
hydrochloride, piperocaine, proparacaine hydrochlo- 
ride, tetracaine hydrochloride, hexylcaine, bupivacaine, 
lidocaine. mepivacaine and prilocaine. 

17. The composition of claim 2 wherein the chelating 
agent is selected from the group consisting of ethylene- 
diamine tetra-acetate and deferoxamine. 

18. The composition of claim 2 wherein the immuno- 
suppressive agent and anti-metabolite is selected from 
the group consisting of methotrexate, cyclophospha- 
mide, 6-mercaptopurine and azathioprine. 

19. The composition of claim 2 which includes a 
buffering agent or salt of from 0 to 5% by weight of the 
composition. 

20. The composition of claim 19 wherein the buffer- 
ing agent or salt is selected from the group, consisting of 
alkali or alkali earth carbonates, chlorides, sulfates, 
phosphates, bicarbonates, citrates, borates, acetates arid 
succinates. . 

21. The composition of claim 2 which includes from 
0.001% to 5% by weight of the composition of a preser- 
vative. 

22. The composition of claim 21 wherein the preser- 
vatives are selected from the group consisting of sodium 
bisulfite, sodium thiosulfate. ascorbate, benzalkonium 
chloride, chlorobutanol, thimerosal, phenylhiercuric 
borate, parabens, benzylalcohol and phenylethanol. 

23. The composition of claiin 2 wherein the acid or 
base is selected from the group consisting of hydrochlo- 
ric acid or sodium hydroxide. 

24. An aqueous pharmaceutical composition for treat- 
ing an eye. condition requiring pharmacological treat- 
ment comprising 

a. 10% to 50% by weight of a polymer of the formula 



12 



26. A composition of claim 24 which includes a pre- 
servative of from 0.001% to 5% by weight of the com- 
p>osition. 

27. A method of treating an eye condition requiring 
pharmacological treatment or administration of a diag- 
nostic agent which comprises administering to the eye a 
liquid drug delivery vehicle comprising: 

a. 10% to 50% by weight of a polymer of the formula 



10 



40 



45 



H(OC2H4>/OC3H6)j 



H(OC2H4);<OC3H6)x 



\ / 
^N-(CH2)k.— 



(C3H6OMC2H4OVH 



(C3H6OMC2H4OVH 



50 



55 



wherein w is an integer of from 2 to 6 containing 
approximately 40% to 80% poly(oxyethylene) and ap- 
proximately 20-60% poly(oxypropylene) and having a 60 
molecular weight of 7.000 to 50,000; and x and y are any 
integers within the above constraints; and, 

b. a pharmaceutically acceptable acid or base being in 
sufficient quantity to adjust the pH of the composi- 
tion to range from 2 to 9. . 65 

25. A composition of claim 24 which includes a buff- 
ering agent or salt of from 0 to 5% by weight of the 
composition. 



H(CX:2H4)><OC3H6),, 



15 



H(OC2H4)><OC3H6), 



N— (CH2}h.— N 



\ 



,(C3H60WC2H40)j« 



iCiHeOMCzlUO)yH 



20 



25 



30 



35 



wherein w is an integer of from 2 to 6 containing 
approximately 40% to 80% poIy(oxy ethylene) and ap- 
proximately 20-60% poly(oxypropylene) and having a 
molecular weight of 7,000 to 50,000; and x and y are any 
integers within the above constraints, 

b. a pharmacologically effective amount of a pharma- 
ceutical or diagnostic agent; and, 

c. a pharmaceutically acceptable acid or base being in 
sufficient quantity to adjust the pH of the composi- 
tion to range from 2 to 9. 

28. A method of treating an eye condition requiring 
pharmacological treatment or administration of a diag- 
nostic agent which comprises administering to the eye a 
liquid drug delivery vehicle comprising: 

a. 10% to 50% by weight of a polymer of the formula 



H(OC2H4)/OC3H6)j 



H(OC2H4)j<OC3H<i)j 



^N-(CH2)^-N^ 



(C3H60MC2H4O)^ 



(C3H«0)x(C2H40)^ 



wherein w is an integer of from 2 to (5 containing 
approximately 40% to 80% poly(oxyethylene) and ap- 
proximately 20-60% poly(oxypropylene) and having a 
molecular weight of 7,000 to 50JOOO; and x and y are any 
integers within the above constraints, 

b. a pharmacologically effective amount of a drug 
selected from the group consisting of antibacterial 
substances, antihistamines and decongestants, anti- 
inflammatories, miotics and anticholinergics, myd- 
riatics, antiglaucoma drugs, antiparasitics, antiviral 
effective compounds, carbonic anhydrase inhibi- 
tors, anesthetic agents, opthalmic diagnostic 
agents, opthalmic agents used as adjuvants in sur- 
gery, chelating agents, immunosuppressive agents 
and antimetabolites or combinations of the above; 
and 

c. a pharmaceutically acceptable acid or base being in 
sufficient quantity to adjust the pH of the composi- 
tion to range from 2 to 9. 

29. A method of treatment according to claim 28 
wherein the polymer is one wherein w = 2. 

30. A method of treatment according to claim 28 
wherein the polymer is Tetronic 1307(g). 

31. A method of treatment according to claim 28 
wherein the gel-sol transistion temperature of the com- 
position is room temperature or below and said compo- 
sition is liquid at this temperature. 

32. A method of treatment according to claim 28 
wherein the antibacterial substances are selected from 
the group consisting of beta-lactam antibiotics, tetracy- 
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clines, carbenicillin. colistin, penicillin G, polymyxin B» hydrochloride, tetracame hydrochloride, hexylcaine, 

vancomycin, chloramphenicol, neomycin, gramicidin. bupivacaine, lidocaine, mepivacaine and prilocaine. 

bacitracin, cefazolin, cephaloridine, chibro-rifamycin, method of treatment according to claim 28 

sulfonamides, aminoglycoside antibiotics, tobramycin, wherein the chelating agent is selected from the group 

nitrofurazone, nalidixic acid and analogs and the antimi- ^ consisting of ethylenediamine tetra-acetate and deferox- 

crobial combination of fludalanine/pentizidone. amme. 

33. A method of treatment according to claim 28 ^' ^® method of treatment according to claim 28 
wherein the antihistaminics and decongestants are se- wherem the immunosuppressive agent and anti-metabo- 
lected from the group consisting of perilamine. chlor- ^ selected from the group consisting of methotrex- 
pheneramine. tetrahydrazoline and antizoline. ate^cyclophosphamide, 6.mercaptopurine and azathio- 

34. A method of treatment according to claim 28 ^^ak' a r^^^u^^ «r * . i ■ 
Wherein the antiinflammatory drugs are^lected from ^^^^^S, trcXoLtToTS^^ S 
the group consistmg of hydrocortisone acetate cortt- from 0% to 5% by weight of the compofition. 
sone, hydrocortisone, betamethasone, dexamethasone, ,5 4^. a method of treatment according to claim 45 
fluocortolone, predmsolone, methyl prednisolone, med- wherein the buffering agent or salt is selected from the 
rysone, fluorometholone, prednisolone sodmm phos- group consisting of alkali or alkali earth carbonates, 
phate, triamcinolone, indomethacin, sulindac and its chlorides, sulfates, phosphates, bicarbonates, citrates, 
salts and corresponding sulfide. borates, acetates and succinates. 

35. A method of treatment of claim 28 wherein the 20 47. A method of treatment according to claim 28 
miotics and anticholinergics are selected from the group wherein the composition includes from 0.001% to 5% 
consisting of echothiophate, pilocarpine, physostigmine by weight of the composition of a preservative, 
salicylate, diisopropylfluorophosphate. carbachol, 48. A method of treatment according to claim 47 
methacholine, bethanechol, epinephrine. di- wherein the preservatives are selected from the group 
pivalylepinephrine, neostigmine, echothiopateiodide consisting of sodium bisulfite, sodium thiosulfate. ascor- 
and demecium bromide. benzalkonium chloride, chlorobutanol. thimerosal, 

36. A method of treatment according to claim 28 phenyhnercuric borate, parabens, benzylalcohol and 
wherein the mydriatics are selected from the group phenylethanol. 

consisting of atropine. homaUopine. scopolamine, hy- , ^ method of treatment according to claim 28 

droxyamphctamine. ephedrine. cocaine, tropicamide. ^ ^^^^^J? ""'^"^ is select^ from the group 

phenylephrine, cyclopentolate, oxyphenonium and eu- g of hydrochloric acid or sodium hydroxide, 

catrooi *^ * ^ 50. A methou of treatmg a dry eye which compnses 

^- " ' - . - ^ ^ ^ J. , . administering to the eye a liquid drug delivery device 

37. A method of treatment accordmg to claim 28 comprising ^ n © 

wherein the aiitiglaucoma drugs are selected from the 35 ^ jq^^ ^ 50^^ by weight of a polymer of the formula 
group consisting of timolol. R-timolol, the hydrogen 
maleate salt of timolol, the combination of timolol and 

R-timolol with pilocarpine, epinephrin^ dipivefrin and h(OC2H4VOC3H,), (C3H60WC2H40)^ 

epinephnne complex or prodrugs and hyperosmotic \ / 

agents. 40 ^N— (CH2),r— 

38. A composition of claim 28 wherein the antipara- H(OC2H4)/oc3H6), (C3H60);e(C2H40);^i 
sitic or anti-protozoal compound is ivermectin, pyrime- 

thaxine, trisulfapyrimidon. clindamycin and corticoster- wherein w is an integer of from 2 to 6 containing 

oid preparations. approximately 40% to 80% poly(oxyethylene) and ap- 

39. A method of treatment according to claim 28 ^5 proximately 20-60% poly(oxypropyIene) and having a 
wherein the antiviral effective compounds are selected molecular weight of 7.000 to 50,000; and x and y are any 
from the group consisting of acyclovir, interferon, 5- integers within the above constraints; and, 
iodo-2'-deoxy uridine, adenosine, arabinoside and tri- h. a pharmaceutically acceptable acid or base being in 
fluorothymidine. sufficient quantity to adjust the pH of the composi- 

40. A method of treatment according to claim 28 to range from 2 to 9. 

wherein the carbonic anhydrase inhibitors are selected ^1. A method of treatment of claim 50 wherein the 

from the group consisting of 2-(p-hydroxyphcnyl)thio- ''J'J^^f^l a buffenng agent or salt of from 

S-thiophenesulfonimide. 6.hydroxy-2-benzothiazolesul- 0% to 5% by weight of the composition 

fonan^de, 6.pivaloyloxy.2.benzothiazolesuifonamide. 55 ^2. A method of treatment of claim 50 wh^^^^^^ 

, . . , , , . . , ^5 composition includes a preservative of from 0.001% to 

aceUzc^amide anddicW^^^ 5% by weight of the composition. 

41. The method of treatment accordmg to claim 28 53 composition of claim 6 wherein the ^-lactam 
wherein the antifungal agents are selected from the antibiotics are selected from the group consisting of 
group consisting of amphoterium B, nystatin, flucyto- cefoxitin, n-formamidoyl thienamycin and other thiena- 
sine, natamycin and miconazole. 60 mycin derivatives. 

42. The method of treatment according to claim 28 54. a method of treatment of claim 32 wherein the 
wherein the anesthetic agent is selected from the group /J-Iactam antibiotics are selected from the group consist- 
consisting of etidocaine, cocaine, benoxinate, dibucaine ing of cefoxitin, n-formamidoyl thienamycin and other 
hydrochloride, dyclonine hydrochloride, naepaine, thienamycin derivatives. 

phenacaine hydrochloride, piperocaine, proparacaine 65 * » ♦ « * 
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ABSTRACT 



Lightly crosslinked polymers, preferably ones prepared 
by suspension or emulsion polymerizing at least about 
90% by weight of a carbpxyl-containing monoethyleni- 
cally unsaturated monomer such as acrylic acid with 
from about 0.1% to about 5% by weight of a polyfunc- 
tional, and preferably difunctional. crosslinklng agent 
such as di vinyl glycol (3.4-dihydroxy-l,5-hexadicne), 
having a particle size of not more than about SO pim in 
equivalent spherical diameter, when formulated with an 
ophthalmic medicament, e.g., fluororaetholone. into 
suspensions in aqueous medium in which the amount of 
polymer ranges from about 0.1% to about 6.5% by 
weight, based on the total weight of the aqueous suspen- 
sion, the pH is from about 3.0 to about 6.5, and the 
osmotic pressure (osmolality or tonicity) is from about 
10 mOsM to about 400 mOsM. provide new topical 
ophthalmic medicament delivery systems having suit- 
ably low viscosities which permit them to be easily 
administered to the eye in drop form, and hence be 
comfortably administrable in consistent, accurate dos- 
ages. These suspension will rapidly gel in the eye after 
coming, into contact with the eye's tear fluid to a sub- 
stantially greater viscosity than that of the originally- 
introduced suspension and thus remain in place for 
prolonged periods of time to provide sustained release 
of the ophthalmic medicament. 

35 Claims, No Drawings 
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i^Du^nxAY ii#r^ when the compositions arc applied to the mu- 

OPHTHAUVUC SUSPENSIONS cous membrane of the eye. However, the sodium chlo- 

T» T?t7Trn T^i^T^^ -T^.^ ^ *o convert the gel to a liquid with a great 

REFERENCE TO RELATED APPLICATION reduction in viscosity. Therefore, when'sodium chlo- 

^ This application is a continuation-in-part of applica- ^ ^ added to the composition, increased polymer 

tion Ser. No. 07/537,005, now abandoned, filed on June amounts are recommended to compensate for such vis- 

12, 1990, which was a file wrapper continuation of cosity reduction due to the addition of sodium chloride, 

application Ser. No. 301,114, now abandoned filed Jan. Although delaying breakdown of a gel of a given 

25, 1989, which was a continuation-in-part of applica- viscosity by using the Toko teachings might have some 

tion Ser. No. 153,762, now abandoned filed Feb. 8, benefits, it is that given viscosity which will influence 

1988. The entire disclosures of those applications are whether reliable administration in drop form is achiev- 

hereby incorporated by reference. able or whether ointment-like administration, together 

FIELD OF THE INVENTION dosage problems, will be dictated. Whether the 

. . alleged sustained efficiency benefit said in Toko to be 
This mvention relates to new polymer systems for *5 associated with a wxiium chloride additive could even 

topical ophthalimc application and to their preparation. be accomplished at viscosities suitable for drop adminis- 

Morc particularly, this invention relates to new topical tration is far from clear from Toko. Nevertheless, even 

ophthalnuc delivery systems for controUed. sustained if such a benefit could be obtained with a Toko formula- 

dro'^^^ Tt'^'fTt? ""-"^ •^'^ «?°^°i^tration^V^liabIe tion at a viscosity for administration by drops, the fact 

drop form at a suitable imtial viscosity which then sub- 20 viscosity is at a level low enough to 

stantially mcreases upon contact with the tear fluid. even permit administration by drops is itself liiJtif g on 

BACKGROUND OF THE INVENTION so-called sustained efficiency. Indeed, as stated in 

In topical administration of medicaments to the eye, a ^! ^^tlfrth"^^^^^^^ '^^1^^^' 
variety of factors can be important, among them com. 25 ^fd^etSa?^^^ 
fort, consistency and accuracy ofdosage, type and time it wntt ^^^^^^ kw 

of any vision interference, ease of administ^tion. and woiJd therefore, be desirable to provide an oph- 

timing of delivery. Prior ophthalmic delivery vehicles ^^^^^ delivery system which is admimstrable at a 
have suffered drawbacks in one or more of those areas. o^^tV suitable for reliable drop dosages, but which 

For example, eyedrops in the form of aqueous solu- 30 J"bstantiaUy mcreases m viscosity after administration, 
tions or suspensions are rapidly washed away by the , ^^^^ drawbacks of either higher or lower 
eye's tear fluid. Ointments or creams blur the vision. viscosity need not be accepted in order to obtain the 
and also have comparatively short residence times in benefit of the other. 

the eye. Gelatin lamellae or other films or sheets, ocular Robinson, U.S. Pat. No. 4,615.697, issued Oct. 7, 
inserts and non-aqueous suspensions and emulsions all 35 discloses a controlled release treatment based on a 

can cause immediate pain and continuing discomfort bioadhcsive which is described as a water-swellable. 
and can also interfere with vision. although water insoluble, fibrous, cross-linked carbox- 

Highly viscous aqueous gels formed from carboxy yfunctional polymer with a plurality of repeating units 
vinyl polymers, such as those disclosed in Schoenwald which about at least 80 percent thereof contain at 

et al. U.S. Pat. Nos. 4,271.143 and 4,407,792, issued June 40 carboxy functionality and a crosslinking agent 

2. 1981 and Oct. 4, 1983, respectively, are diffictxlt to (^-^^ ^-^ percent) that is substantially free of po- 
administer so as to provide consistent, accurate dosages lyalkenyl polycther. It is, fu^t of all, noteworthy that 
and may be uncomfortable to administer as well. In- whereas Robinson seeks to exclude the use of polyalke- 
deed. above a viscosity of about 30,000 cps, reliable nyl polycther crosslinkers (as arc present in Carbapol 
administration in drop form is at best difficult to achieve 45 934), Toko fmds Carbapol 934 especially useful. More- 
and at worst impossible. However, at viscosities low over, quite apart from that, Robinson neither discloses 
enough for reliable administration in drop form, such nor suggests a suspension that is administi-able in drop 
low viscosities impose an undesirable limitation on de- form at a suitable viscosity and which undergoes rapid 
livery efficiency because they render the suspension gelation upon contact with the tears, 
more amenable to dilution by tears Of course, higher 50 nRTPf-r<; Axm CTTKfiLf at?v tox: 

viscosity suspensions may be employed in an effort to OBJECTS ^^^miM^Y OF THE 

get the suspensions to remain in the eye for a prolonged INVENTION 
time period, but such higher viscosities impair ease of It is an object of this invention to provide new topical 
administration of accurate drop dosages. ophthalmic medicament delivery methods and systems 

UK Patent Application No. GB 200709 1 A (toko) 55 (and methods of their preparation) which overcome or 
describes carboxy vinyl polymer based gels over a minimize problems of the sort previously noted, 
wider viscosity range, namely 1,000 to 100,000 cps. The It is also an object of this invention to provide new 

relatively low viscosity preparations having viscosities topical ophthalmic medicament delivery methods and 
of 1.000 to 10,000 are stated to have good flbwability systems that are easily administrable to the eye in drop 
and to be amenable to application by drops directly into 60 form. 

the mucous membrane around the eyeball. The prepara- A further object of this invention is to provide such 
tions having viscosities of from 10,000 to 100.000 cps new topical ophthalmic medicament delivery methods 
are stated to be amenable to application to the eyelids and systems which employ aqueous suspensions of par- 
like conventional ointments. However, in both higher ticular lightly crosslinked polymers of acrylic acid or 
and lower viscosity situations it is suted that the tears 65 the like containing an ophthalmic medicament, 
liquify the gel. The u*e of sodium chloride.in the prepa- Yet another object of this invention is to provide new 

ration is recommended in Toko for sustained efficiency topical ophthalmic medicament delivery systems that 
because sodium chloride is said to delay breakdown of are easily administrable in drop form and. after coming 
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into contact with the eye's tear fluid, rapidly gel in the 
eye to a substantially greater viscosity than the viscosity 
of the administered drop. 

A still further object of this invention is to provide 
methods of preparing these new topical ophthalmic 
medicament delivery systems. 

In accordance with a preferred form of the invention 
intended to accomplish at least some of the foregoing 
objects, a sustained release topical ophthalmic medica-: 
mcnt delivery system comprises an aqueous suspension 
at a pH of from about 3 to about 6.5 and an osmotic 
pressure of from about 10 to about 400 mOsM contain- 
ing from about 0, 1% to about 6,5% by weight, based on 
the total weight of the suspension, of a carboxyl-con- 
taining polymer prepared by polymerizing one or more 
carboxyl-containing monoethylenically unsaturated 
monomers and less than about 5% by weight of a cross- 
linking agent, such weight percentages of monomers 
being based on the total weight of monomers polymer- 



ic 



15 



viscosity than the viscosity of the suspension as origi- 
nally administered in drop form. The more viscous gel 
remains in the eye for a prolonged period of time so as 
to release the medicament, entrapped in the more vis- 
cous gel formed in the eye, in sustained fashion. 

In contrast to other systems, the present invention 
provides an ophthalmic delivery system that not only 
has the benefits of administration in drop form, but also 
does not suffer from breakdown limitations due to ad- 
ministration at a viscosity suitable for drops. Through 
administration at a viscosity such that the suspension 
can be reliably administered in drop form, but which 
actually increases when the suspension is so adminis- 
tered, controlled release of medicament is significantly 
enhanced. 

As mentioned above, viscosities substantially over 
30,000 cps are not suiuble for drops. When the viscosi- 
ties are substantially lower than 1,000 cps, the ability to 
gel upon contact with tears is impeded. The increased 



30 



35 



ized. The suspension has an initial viscosity of from 20 gelation upon contact with the tears occurs with a pH 

about 1,000 to about 30,000 ccntipoises and is adminis- ^ - 

trable to the eye in drop form at that initial viscosity. 
The polymer has average particle size of not more than 
about 50 ^m, preferably not more than about 30 ^m, in 
equivalent spherical diameter. It is lightly cross-linked 25 
to a degree such that although the suspension is admin- 
istrable in drop form, upon contact of the lower pH 
suspension with the higher pH tear fluid of the eye, the 
suspension is rapidly gellable to a substantially greater 
viscosity than the viscosity of the suspension as origi- 
nally administered in drop form. Accordingly, the re- 
sulting more viscous gel can remain in the eye for a 
prolonged period of time so as to release a medicament 
contained therein in sustained fashion. 

The polymer is preferably prepared from at least 
about 50% by weight, more preferably at least about 
90% by weight, of one or more carboxyl-containing 
monoethylenically imsaturated monomers. Desirably 
the polymer is prepared by suspension or emulsion po- 
lymerizing acrylic acid and a non-polyalkenyl polyether 40 
difunctibnal crosslinking agent to a particle size of not 
more than about 50 ^un, preferably not more than about 
30 ^m, in equivalent spherical diameter. A preferred 
crosslinking agent is divinyl glycol. It may be desirable 
to replace up to about 40% by weight of the carboxyl- 45 
containing monoethylenically unsaturated monomers 
by one or more non-carboxyl-containing monoethyleni- 
cally unsaturated monomers containing only physiolog- 
ically and ophthamologically innocuous substituents. 

The osmotic pressure is jpreferably achieved by using 
a physiologically and ophthalmblogically acceptable 
salt in an amount of from about 0.01% to about 1% by 
weight, based on the total weight of the suspensions. A 
preferred salt is sodium chloride. 

Medicament may be present in desired amount, pref- 
erably 0,005% to about 10% by weight, based on the 
total weight of the suspension. Preferred medicaments 
include fluoromctholone and pilocarpine. 

In a preferred method of preparing sustained release 
topical ophthalmic delivery systems, the foregoing sus- 
pensions are prepared and packaged at the desired vis- 
cosity of from 1,000 to about 30,000 ccntipoises. for 
administration to the eye in drop form. In a preferred 
delivery method, the foregoing suspensions, containing 
the medicament, are administered to the eye at the ini- 
tial viscosity in drop form to cause the administered 
suspension, upon contact with the higher pH tear fluid 
of the eye, to rapidly gel in situ to a substantially greater 



change when the suspension at a pH of from about 3 to 
about 6.5 and an osmotic pressure of from about 10 to 
about 4O0 mOsM contacts the tear fluid. As will be 
appreciated, tear fluid is at a higher pH of about 7.2 to 
about 7.4. With the pH increase, carboxylic acid 
(CCKDH) undergoes a sodium replacement (to CCXDNa). 
and the sodium form disassociates, causing the polymer 
to expand. . 

This is where relationships of crosslinking and parti- 
cle size become quite significant. Because the particles' 
are present in a suspension, the degree of crosslinking is 
necessarily at a level such as to have avoided substantial 
dissolution of the polymer. On the other hand, since 
rapid gelation is achieved at the time of the pH change, 
the degree of crosslinking is necessarily not so great that 
gelation is precluded. Moreover, if the polymer particle 
size is too large, induced swelling can tend to take up 
voids in the volume between large particles that are in 
contact with one another, rather than the swelling tend- 
ing to cause gelation. 

If the polymer were in a dissolved state, as it would 
be if there were insufficient crosslinking because of a 
too low of a ratio of crosslinker to monomer, particle 
size would be basically irrelevant. In a suspension, parti- 
cle size can be relevant to comfort However, it has 
been found that in the system of the present invention, 
the small particle size and light crosslinking synergisti- 
cally yield rapid gelation to a substantially increased 
viscosity when the pH changes. In fact, above the 50 
pm size this advanuge of substantially increased viscos- 
ity is not realized. Moreover, at the 50 /im size, there is 
also reasonably good eye comfort. 

Although there has been prior disclosure that small 
particles are desirable to avoid vision impairment (Rob- 
inson, supra, col. 10, lines 16-20), that disclosure has not 
taught particle size limits contemplated for the present 
invention, especially not for realization of the in situ 
gelation benefits achievable by such sizes with appro- 
priate light crosslinking in a system where viscosity is at 
60 an initial level suitable for drop administration, but 
which substantially increases upon tear contact. 

In the most preferred forms of the invention, the 
particles are not only subject to the upper size limits 
described above, but also to a narrow particle size distri- 
bution. Such use of a monodispersion of particles, 
which aids in good particle packing, yields a maximum 
increased viscosity upon conuct of the suspension with 
the tears and increases eye residence time. At least 
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about 80%. more preferably at least about 90% and 
most preferably at least about 95 %» of the particles 
should be within a no more than about 10 pun band of 
major particle size distribution, and overall (i.e.. consid- 
ering particles both within and outside such band) there 5 
should be no more than about 20%. preferably no more 
than about 10% and most preferably no more than 
about 5% fines (i.e., particles of a size below I /xra. It is 
also preferred that as the average particle size is low- 
ered from the upper limit of 50 fim, more preferably 30 10 
^m, to lower sizes such as 6 ftm. that the band of major 
particle size distribution be also narrowed, for example 
to 5 p^. Preferred sizes for particles within the band of 
major particle distribution are less than about 30 ^m, 
more preferably less than about 20 fim. most preferably 15 
from about 1 fim to about 5 ^m. 

The foregoing and other aspects, objects and advan- 
tages of the present invention, as well as its nature, 
scope and utilization, will become more apparent to 
those skilled in the art from the following detailed de- 20 
scription and the appended cljums. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The lightly crosslinked polymers of acrylic acid or 25 
the like used in practicing this invention are, in general, 
well known in the art. In a preferred embodiment such 
polymers are ones prepared froin at least about 90% and 
preferably from about 95% to about 99.9% by weight, 
based on the total weight of monomers present, of one 30 
or more carboxyl-containing monoethylenically unsatu- 
rated monomers. Acrylic acid is the preferred carboxyl- 
containing monoethylenically unsaturated monomer, 
but other unsaturated, polymerizable carboxyl-contain- 
ing monomers, such as methacrylic acid, ethacrylic 35 
acid, ^-methylacrylic acid (crotonic acid), cis-a- 
methylcrotonic acid (angelic acid), trans-a-mcthylcro- 
tonic acid (tiglic acid), a-butylcrotonic acid, a-phenyla- 
crylic acid, a-benzylacrylic acid, a-cyclohexylacrylic 
acid, ^-phenylacrylic acid (cinnamic acid), coumaric 40 
acid (o-hydroxycinnamic acid), umbellic acid (p- 
hydroxycoumaric acid), and the like can be used in 
addition to or instead of acrylic acid. 

Such polymers are crosslinked by using a small per- 
centage, i.e., less than about 5%, such as from about 45 
0.5% or from about 0.1% to about 5%, and preferably 
from about 0.2% to about 1%, based on the total weight 
of monomers present, of a poly functional crosslinking 
agent. Included among such crosslinking agents are 
non-polyalkenyl polyether difunctional crosslinking 50 
monomers such as divinyl glycol; 2,3-dihydroxyhexa- 
1,5-diene; 2,5-dimethyl-].5-hexadiene; divinylbenzene; 
N,N-diallylacrylamide; N,N-diallylmethacrylamide and 
the like. Also included are polyalkenyl polyether cross- 
linking agents containing two or more sdkenyl ether 55 
groupings per molecule, preferably alkenyl ether 
groupings containing terminal H2C=C< groups, pre- 
pared by etherifying a polyhydric alcohol containing at 
least four carbon atoms aiid at least three hydroxyl 
groups with an alkenyl halide such as allyl bromide or 60 
the like, e.g., polyallyl sucrose, polyallyl pentaerythri- 
tol, or the like; see, e.g., Brown U.S. Pat. No. 2,798,053.. 
Diolefinic non-hydrophilic macromeric crosslinking 
agents having molecular weights of from about 400 to 
about 8,000, such as insoluble di- and polyacrylates and 65 
methacrylates of diols and polyols. diisocyanate- 
hydroxyalxyl acrylate or methacrylate reaction prod- 
ucts, and reaction products of isocyanate terminated 



prepolymers derived from polyester diols, polyether 
diols or polysiloxane diols with hydroxyalkylmethacry- 
lates, and the like, can also be used as the crosslinking 
agents; see, e.g.. Mueller et al. U.S. Pat. Nos. 4,192.827 
and 4,136.250. 

The lightly crosslinked polymers can of course be 
made from a carboxyl-containing monomer or mono- 
mers as the sole monoethylenically unsaturated mono- 
mer present, together with a crosslinking agent or 
agents. They can also be polymers in which up to about 
40%. and preferably from about 0% to about 20% by 
weight, of the carboxyl-containing monoethylenically 
unsaturated monomer or monomers has been replaced 
by one or more non-carboxyl-containing monoethyleni- 
cally unsaturated monomers containing only physiolog- 
ically and ophthalmologically innocuous substituents, 
including acrylic and methacrylic acid esters such as 
methyl methacrylate, ethyl acrylate, butyl acrylate, 
2-ethylhexylacrylate, octyl methacrylate. 2-hydrox- 
yethyl-methacrylate, 3-hydroxypropylacrylate. and the 
like, vinyl acetate, N-vinylpyrrolidone, and the like; see 
Mueller et al. U.S. Pat. No. 4,548,990 for a more exten- 
sive listing of such additional monoethylenically unsatu- 
rated monomers. Particularly preferred polymers are 
lightly crosslinked acrylic acid polymers wherein the 
crosslinking monomer is 2,3-dihydroxyhexa-l,5-diene 
or 2,3-dimethylhexa-l,5-diene. 

The lightly crosslinked polymers used in practicing 
this invention are preferably prepared by suspension or 
emulsion polymerizing the monomers, using conven- 
tional free radical polymerization catalysts, to a dry 
particle size of not more than about 50 fim in equivalent 
spherical diameter; e-g., to provide dry polymer parti- 
cles ranging in size from about 1 to about 30 ^m, and 
preferably from about 3 to about 20 ^m, in equivalent 
spherical diameter. In general, such polymers will range 
in molecular weight estimated to be about 250,000 to 
about 4.000.000. and preferably about 500,000 to about 
2.000,000. 

Aqueous suspensions containing polymer panicles 
prepared by suspension or emulsion polymerization 
whose average dry particle size is appreciably larger 
than about 50 ^m in equivalent spherical diameter are 
less comfortable when administered to the eye than 
suspensions otherwise identical in composition contain- 
ing polymer particles whose equivalent spherical diamr 
eters are, on the average, below about 50 pim. More- 
over, above the average 50 fim size, the advantage of 
substantially increased viscosity after administration is 
not realized. It has also been discovered that lightly 
crosslinked polymers of acrylic acid or the like pre- 
pared to a dry particle size appreciably larger than 
about 50 ftm in equivalent spherical diameter and then 
reduced in size, e.g., by mechanically milling or grind- 
ing, to a dry particle size of not more than about 50 p.m 
in equivalent spherical diameter do not work as well as 
polymers made from aqueous suspensions. While we do 
not wish to be boimd by any theory or mechanism ad- 
vanced to explain the functioning of this invention, one 
possible explanation for the difference of such mechani- 
cally milled or ground polymer particles as the sole 
particulate polymer present is that grinding disrupts the 
spatial geometry or configuration of the larger thc^n 50 
^m lightly cross-linked polymer particles, perhaps by 
removing uncross-linked branches from polymer 
chains, by producing particles having sharp edges or 
protrusions, or by producing ordinarily too broad a 
range of particle sizes to afford satisfactory delivery 



10/04/2001, EAST Version: 1.02.0008 



5,192,535 



system performance. A broad distribution of particle 
sizes will impair the viscosity-gelation relationship. In 
any event, such mechanically reduced particles are less 
easily hydratable in aqueous suspension than particles 
prepared to the appropriate size by suspension or emul- 
sion polymerization, and also are less able to gel in the 
eye under' the influence of tear fluid to a sufficient ex- 
tent and are less comfortable once gelled than gels pro- 
duced in the eye using the aqueous suspensions of this 
invention. However, up to about, 40% by weight, e.g., 
from about 0% to over 20% by weight, based on the 
total weight of lightly crosslinked particles present, of 
such milled or ground polymer particles can be admixed 
with solution or emulsion polymerized polymer parti- 
cles having dry particle diameters of not more than 
about 50 fim when practicing this invention. Such mix- 
tures will also provide satisfactory viscosity levels in 
the ophthalmic medicament delivery systems and in the 
in situ gels formed in the eye coupled with ease and 



8 



to about 1% by weight, and preferably from about 
0.05% to about 0.45% by weight, based on the toul 
weight of the aqueous suspension, will give osmolalities 
within the above-stated ranges. Equivalent amounts of 
5 one or more salts made up of cations such as potassium, 
ammonium and the like and anions such as chloride, 
citrate, ascorbate, borate, phosphate, bicarbonate, sul- 
fate, thiosulfate, bisulfite and the like, e.g., potassium 
chloride, sodium thiosulfate, sodium bisulfite, ammo- 
10 nium sulfate, and the like can also be used in addition to 
or instead of sodium chloride to achieve osmolalities 
within the above-stated ranges. 

The amounts of lightly crosslinked polymer particles, 
the pH, and the osmotic pressure chosen from within 
15 the above-stated ranges will be correlated with each 
other and with the degree of crosslinking to give aque- 
ous suspensions having viscosities ranging from about 
1,000 to about 30,000 centipoise, and preferably from 
about 5,000 to about 20,000 centipoise, as measured at 



comfort of administration and satisfactory sustained 20 room temperature (about 25* C.) using a Brookfield 
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release of the medicament to the eye, particularly when 
such milled or ground polymer particles, in dry form, 
average from about O.OI to about 30 ftm, and preferably 
from about 1 to about 5 fxm, in equivalent spherical 
diameter. 

In the most preferred embodiment of the invention, 
the particles have a narrow particle size distribution 
within a 10 }jLm band of major particle size distribution 
which contains at least 80%, more preferably at least 
90%, most preferably at least 95% of the particles. Also, 
there is no more than 20%, preferably no more than 
10%, and most preferably no more than 5% particles of 
a size below 1 fim. The presence of large amounts of 
such fines has been found to inhibit the desired gelation 
upon eye contact. Apart from that, the use of a mono- 
dispersion of particles will give maximum viscosity and 
an increased eye residence time of the ophthalmic medi- 
cament delivery systems for a given particle size. Mono- 
disperse particles having a particle size of 30 ^m and 
below are most preferred. Good particle packing is 40 
aided by a narrow particle size distribution. 

The aqueous suspensions of this invention will con- 
tain amounts of lightly crosslinked polymer particles 
ranging from about 0.1% to about 6.5% by weight, and 
preferably from about 0.5% to about 4.5% by weight, 
based on the total weight of the aqueous suspension. 
They will preferably be prepared using pure, sterile 
water, preferably deionized or distilled, having no phys- 
iologically or ophthalmologically harmful constituents, 
and will be adjusted to a pH of from about 3.0 to about 
6.5, and preferably from about 4.0 to about 6.0, using 
any physiologically and ophthalmologically acceptable 
pH adjusting acids, bases or buffers, e.g., acids such as 
acetic, boric, citric, lactic, phosphoric, hydrochloric, or 
the like, bases such as sodium hydroxide, sodium phos- 
phate, sodium borate, sodixun citrate, sodium acetate, 
sodium lactate, THAM (trishydroxymethylamino- 
methane), or the like and salts and buffers such as ci- 
trate/dextrose, sodium bicarbonate, ammonium chlo- 
ride and mixtures of thejtforementioned acids and bases. 

When formulating the aqueous suspensions of this 
invention, their osmotic pressure (tr) will be adjusted to 
from about 10 milliosmolar (mOsM) to about 400 
mOsM, and preferably from about 100 to about 250 
mOsM. using appropriate amounts of physiologically 
^nd ophthalmologically acceptable salts. Sodium chlo- 
ride is preferred to approximate physiologic fluid, and 
amounts of sodium chloride ranging from about 0.01% 



Digital LVT Viscometer equipped .with a number 25 
spindle and a 13R small sample adapter at 12 rpm. The 
correlations of those parameters are also such that the 
suspensions will gel on contact with tear fluid to give 
gels having viscosities estimated to range from about 
75,000 to about 500.000 centipoise, e.g.. from about 
200.000 to about 300,000 centipoise, measured as above, 
depending on pH as observed, for example, from pH- 
viscosity curves. This effect is noted by observing a 
more viscous drop on the eye as a set cast. The cast, 
after setting, can be easily removed. 

The viscous gels that result from fluid eyedrops deliv- 
ered by means of the aqueous suspensions of this inven- 
tion have residence times in the eye ranging from about 
2 to about 12 hours, e.g., from about 3 to about 6 hours. 
The medicaments contained in these drug delivery sys- 
tems will be released from the gels at rates that depend 
on such factors as the drug itself and iu physical form, 
the extent of drug loading and the pH of the system, as 
well as on any drug delivery adjuvants, such as ion 
exchange resins compatible with the ocular surface, 
which may also be present. For fluorometholone, for 
example, release rates in the rabbit eye in excess of four 
hours, as measured by fluorometholone contained in the 
aqueous humor, have been observed. 

Medicaments — substances used in treating or amelio- 
rating a disease or medical condition — including drugs 
intended to treat therapeutically the eye itself or the 
tissues surrounding the eye and drug administered via 
50 the ophthalmic route to treat therapeutically a local 
condition other than one involving the eye, will typi- 
cally be incorporated in the topical delivery systems of 
this invention in therapeutically active amounts compa- 
rable to amounts administered in other dosage forms, 
55 usually in amounts ranging from about 0.005% to about 
10% by weight, and preferably from about 0.01% to 
about 5% by weight, based on the total weight of the 
formulation. Thus, for example, from about 0.01% to 
about 1% by weight of the anti-inflammatory steroid 
60 fluorometholone can be administered in this manner. 
An illustrative but by no means exhaustive listing of 
such medicaments includes demulcents (for relief of 
"dry eye"), antibiotics, antivirals, steroids, aminosubsti- 
tuted steroids, including anti-inflammatory agents, pep- 
tides, polypeptides, cardiotonics, anrihypenensives, 
antiallergics, alpha- and bctaadrenergic blocking 
agents, ophthalmic medicaments such as anticataract 
agents, antiglaucoma agents and ophthalmic antiinflam- 
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xnatory agents, ophthalmic lubricating agents, ophthal- to about 95 percent of the final water volume and stir- 

mic topical or regional anesthetic agents* etc. Specific ring for a sufficient time to saturate the solution. Solu- 

medicaments that can be used in the present invention tion saturation can be determined in known manner, 

include drugs such as pilocarpine, idox undine, carba- e.g., using a spectrophotometer. The lightly crossHnked 

chol, bethanechol, timolol, atenolol, labetolol, meto- 5 polymer particles and the osmolaiity*adjusting salt are 

prolol, nadolol, oxprenolol, pindolol, sotalol, betaxolol, first blended in dry form and then added to the 

acebutolol, alprenolol, levo-bunolol, p-aminoclonidine, drug — saturated suspension and stirred until apparent 

dipivefrin, tetracycline, epinephrine, phenylephrine, polymer hydration is complete. Following the incre- 

eserine, phospholine, aceclidine, demecarium, cycio- mental addition of sufficient pH adjusting agent to 
pcntolate, homatropine, scopolamine, nitroglycerin. 10 reach the desired pH, the remainder of the water is 

ethacrynic acid, furosemide, amiloride, chlortetracy- added, with stirring, to bring the suspension to 100 

cline, bacitracin, neomycin, polymyxin, polymyxin B, percent formula weight. 

gramicidin, oxytetracycline, chloramphenicol, genta- These aqueous suspensions can be packaged in pre- 
mycin, penicillins, erythromycin, sulfacetamide, tobra- * scrvative-frec, single-dose non-reclosable containers, 
mycin, trospectomycin, vancomycin, ciprofloxacin, 15 This permits a single dose of the medicament to be 
perfloxacin, olfloxacin, enoxacin, naphazoline hydro- delivered to the eye one drop at a time, with the con- 
chloride, clindamycin, isofluorophate, fluorometho- tainer then being discarded after use. Such containers 
lone, dexamethasone, hydrocortisone, fluorocinolone, eliminate the potential for preservative-related irritation 
medrysone, prednisolone, prednisolone acetate, methyl- and sensitization of the corneal epithelium, as has been 
prednisolone, fluticasone propionate, betamethasone, 20 observed to occur particularly from ophthalmic medi- 
triamcinolone, estradiol, ibuprofen, flurbiprofen, na- caments containing mercurial preservatives. Multiple- 
proxen, esters of jbuprofen, flurbiprofen, and naproxen; dose containers can also be used, if desired, particularly 
ketorolac, suprofen, interferons, cromolyn, gancy- since the relatively low viscosities of the aqueous sus- 
clovir, aminozolamide, alltrans-retinoic acid (Vitamin pensions of this invention permit constant, accurate 
A) and the nontoxic, pharmaceutically acceptable salts 2S dosages to be administered drop wise to the eye as many 
thereof. Pro-drug counterparts are also within the scope times each day as necessary. In those suspensions where 
of the present invention. Ophthalmic lubricating agents preservatives are to be included, suitable preservatives 
are materials capable of inducing natural lacrimation or are chlorobutanol, Polyquat, benzalkonium chloride, 
creating artificial lacrimation and include, for example, cctyl bromide, and the like. 

polyvinylalcohol, cellulose polymers such as hydroxy- 30 In order that those skilled in the art can more fully 

propyl methyl cellulose, polylactams such as polyvinyl- appreciate aspects of this invention, the following exam- 

pyrrolidone and the like. "Dry eye" formulations that pies are set forth. These examples are given solely for 

comprise pure water and a lightly crosslinked polymer purposes of illustration, and should not be considered as 

of the type described hereinabove in an amount within expressing limitations unless so set forth in the ap- 

the range also set forth hereinabove, hypotonic in saline 35 pended claims, 
and thus having the requisite osmotic pressure but at a 

pH in the range of about 3 to about 6.5. are also contem- EXAMPLE I 

plated as being within the scope of this invention. Topi- A pre-blcnd was prepared by dry-blending together 

cal or regional anesthetic agents include ones used dur- 0.10 weight percent of fluorometholohe (1 1)3, 17a-dihy- 

ing ophthalmic surgery or other ophthalmic proce- 40 droxy-9a-fluoro-6a-methylpregna-l. 4-diene-3,20- 

dures, such as lidocaine, cocaine, benoxinate, dibucaine, dione), 1 25 weight percent of Carbopol 976 (formerly 

proparacaine, tetracaine, etidocaine, procaine, hexyl- known as Carbopol EX 55) (a carboxylcontaining poly- 

caine, bupivacaine, mepivacaine, prilocaine, chloropro- mer prepared by suspension polymerizing acrylic acid 

caine, and the like. and divinyl glycol; The B. F. Goodrich Company) 

The term "pharmaceudcally acceptable salt" refers to 45 having a particle size of 5 ^m, and 0.15 weight percent 

those s^ts of the parent compound that do not signifi- of sodium chloride. This pre-blend, was added to 80 

cantly or adversely affect the pharmaceutical properties weight percent of deionized water in a vessel and stirred 

(e.g., toxicity, efficacy, etc') of the parent compound. at 20 rpm at about 25* C. for 12 hours. At this point 

Pharmaceutically acceptable salts administrable by apparent polymer dispersion was complete as evi- 

means of the aqueous suspensions of this invention in- 50 denced by the absence of visible polymer aggregates, 

dude, for example, chloride iodide, bromide, hydro- The resulting aqueous drug-containing suspension 

chloride, acetate, niuate, stearate, pamoate, phosphate was then titrated with ION aqueous sodium hydroxide 

and sulfate salts. It is sometimes desirable to use an to pH 4.53; following which additional deionized water 

appropriate salt form of the medicament that increases was added, with stirring, to bring the final formulation 

the water solubility or polar characteristics of the free 55 weight to 100 percent. The final aqueous suspension had 

drug. an osmolality of approximately 50 mOsM and a viscos- 

The aqueous suspension topical ophthalmic medica- ity of approximately 12,000 centipoise as measured at 

ment delivery systems of this invention can be formu- 25* C. on a Brookfield Digital LVT Viscometer 

lated in any of several ways. For example the drug, the equipped with a number 25 spindle and a 13R small 

lightly crosslinked polymer particles, and the osmolal- 60 sample adapter at 12 rpm. 
ity-adjusting salt can be preblended in dry form, added 

to all or part of the water, and stirred vigorously until EXAMPLE II 

apparent polymer dispersion is complete, as evidenced Fluorometholone, 0.10 weight percent, was added to 

by the absence of visible polymer aggregates. Sufficient 80 weight percent of deionized water in a vessel and 

pH adjusting agent if then added incrementally to reach 65 stirred at 50 rpm at 25* C. for 24 hours to give a satu- 

the desired pH, and more water to reach 100 percent rated aqueous suspension of the drug. Carbopol 976 

formula weight can be added at this time, if necessary. polymer having a 5 ;im panicle size, 1.40 weight per- 

Another convenient method involves adding the drug cent, and 0.25 weight percent of sodium chloride were 
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blended in dry form and this blend was then added to 
the drug*saturated suspension, with stirring, at 20 rpm 
at 25* C. for 12 hours. 

The resulting aqueous drug-containing suspension 
was then titrated with ION aqueous sodium hydroxide 5 
to pH 4.49, following which additional deionized water 
was stirred into the suspension to bring the final formu- 
lation weight to 100 percent. The final aqueous suspen- 
sion had an osmolality of approximately 90 mOsM and 
a viscosity of approximately 18.000 ccntipoise, mea- 10 
sured as in Example I. 

EXAMPLES III-VIII 

These examples relate to the preparation or "dry eye" 
formulations OExamples III-V) and pilocarpine hydro- 15 
chloride formulations (Examples VI- VIII) of the pres- 
ent invention. For each example, NaCl and Carbopol 
976, in the indicated weights, were dissolved in 100 g of 
distilled water using a mechanical mixer, after which 
the resulting formulation was sterilized at 121* C. for 30 20 
to 45 minutes, NaOH was then sterile-filtered to adjust 
the pH to the indicated range. In tlie pilocarpine exam- 
ples, the pilocarpine hydrochloride was added by sterile 
filtration and the pH was adjusted following the steril- 
ization. Carbopol 976 in all examples had a particle size 23 
of 5 ^m. 





Dry Eye Formulations 






Carbopol 976 


NaCl 




No. 


(w/w %) 


(w/w %) 


pH 


UI 


1.05 


0.175 


5.6-5.8 


rv 


1.05 


0.050 


5.6-5.8 


V 


0.80 


0.600 


5.6-5.8 




Pilocarpine Hydrochloride Formulaitons 






RJbcarpinc Carbopol 976 NaQ 




No, 


(w/w %) (w/w %) (w/w %} 


pH 


VI 


1.0 2.0 


0.1-0.9 


3.2-5.8 


VII 


2.0 2.0 


0.1-0.9 


5.2-5.8 


VIII 


4.0 2.0 


0.1-0.9 


5.2-5.8 



EXAMPLE IX 

Various formulations were compounded to establish 
that the viscosity of the polymer solution is dependent 45 
on particle size. There were used Carbopol 976 and 
polycarbophil, another polymer within the scope of the 
present invention. PolycarbophiU as referred to here, is 
a poiy acrylic-acid polymer lightly cross-linked with 
dtvinyl glycol, meeting the compendium specifications 50 
of the United States Pharmacopeia, and was obtained as 
an experimental sample from The B. F. Goodrich Com- 
pany. 

A polycarbophil lot was sieved to ranges of greater 
than 105 fxm, less than 105 less than 105 but greater 55 
than 75 ftm, and less than 75 but greater than 45 fxm. A 
sample was also ground to a size of less than 10 ftm. 

The general formulation used for all was 1.05 
w/w% polymer and 0.2 w/w% NaCl with a pH of 
5.2-5.6. The correlation between particle size and vis- 60 
cosity is shown in the following table. 



12 

-continued 





Viscosity 


(Dry) Nominal 


Polymer 


(cps)» 


Particle Size (>im) 


Polycarbophil 


2.800 


>75 and <I05 


Polycarbophil 


9,200 


>45 and <75 


80 paru Carbopol 976/ 


19,200 


5/<105 


20 paru Polycarbophil 






90 parts Carbopol 976/ 


22,000 


5/<105 


10 parts Polycarbophil 







* Measured ai about 25* C using ■ Brookfteld Difiul LVT Vtscomeier equipped 
with a number 2S tpiodie and a 13R unall tample adapter at 12 rpm. 



30 



35 



40 



Polymer 



Viscosity 
(cps)* 



(Dry) Nominal 
Particle Size (fim) 



Carbopol 976 
Polycarbophil 
Polycarbophil 
Polycarbophil 



2S,0OO 
1.080 

19.600 
1.800 



5 

<105 
<10 
>105 



65 



EXAMPLE X 

This example is directed to a fluorometholone sus- 
pension within the scope of the present invention. 

Fluorometholone, 0.10 weight %, was added to 97 
weight % of purifled water in a vessel and stirred at 
high speed for 15 minutes to give a finely dispersed 
aqueous suspension of the drug. Carbopol 976 polymer 
having a dry particle size of 5 ^m, 1.05 weight %, was 
added to the drug suspension with stirring and mixing 
was continued for a minimum of 15 minutes. After the 
15-minute minimum time had elapsed, 0.20 weight % of 
sodium chloride was added. 

The resulting aqueous drug-containing suspension 
was sterilized at 121* C. for 45 minutes. The suspension 
was cooled to about 50' C. and a 10 N sodium hydrox- 
ide solution was then sterile filtered into the suspension 
with stirring to adjust the pH to 5.6-5.8. Additional 
purified water was sterile filtered into the suspension 
with stirring to bring the final formulation weight to 
100%. The final aqueous suspension had an osmolality 
of approximately 150 mOsM, a viscosity of approxi- 
mately 15,700 centipoise, measured at room tempera- 
ture (about 25* C.) using a Brookfield Digital LVT 
Viscometer equipped with a number 25 spindle and a 
13R small sample adapter at 12 RPM, and a pH of about 
5.6-5.8. 

EXAMPLE XI 

Polycaj-bophil is prepared by suspension polymeriz- 
ing acrylic acid lightly cross-linked with di vinyl glycol. 
The lot is sieved to sublets such as those in ranges of less 
than 50 fim, between 40 p.m and 50 /xm, between 30 >tm 
and 40 /im, less than 30 ^m, between 20 ^m and 30 /xm, 
between 10 /xm and 20 /im, between 5 /im and 15 p,m, 
and less than 5 ^m. All of the sublets are sieved to 
remove the fines, i.e., panicles of less than 1 ftm. Vari- 
ous monbdispersions are then prepared as blends from 
the sublets. Each of the monodispersions has a major 
particle size distribution of at least about 80%, more 
preferably at least about 90%, and most preferably at 
least about 95%, within a no more than 10 ftm band. Of 
the particles within, and outside that band, no more of 
the total than about 20%, preferably no more than 
about 10%, and most preferably no more than about 5% 
are fines. Preferred sizes for particles within the band of 
major particle distribution are less than about 30 ftm, 
more preferably less than about 20 ^m, and most prefer- 
ably from about 1 fim to about 5 fim. 

The monodispcrse blends arc added to the desired 
weight percent of deionized water in a vessel and stirred 
at 20 rpm at about 25* C. for about 12 hours or until 
apparent polymer dispersion is complete as evidenced 
by the absence of visible polymer aggregates. 

The suspension is then titrated with ION aqueous 
sodium hydroxide to a desired pH in the range of from 
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about 3 to about 6.5. Sodium chloride is added to adjust 
the desired osmotic pressure to from about 10 mOsM to 
about 400 mOsM. The suspension contains from about 
0.1% to about 6.5% by weight, based on the total 
weight of the suspension, of polycarbpphil prepared by 
suspension polymerization of the acrylic acid and from 
about 0.1% to about 5% by weight of the divinyl cross- 
Unking agent. 

The amounts of lightly crosslinked polymer particles, 
the pH, the osmotic pressure, and the degree of cross- 
linking are correlated to yield aqueous suspensions hav- 
ing initial viscosities in the range of from about 1,000 to 
about 30,000 cps, more preferably from about 5,000 to 
about 30,000 cps. as measured at room temperature 
(about 25* C.) using a Brookfield Digital LVT Viscom- 
eter. The correlation of these parameters is also such 
that upon administration in drop form, the suspensions 
gel on contact with the tear fluid to substantially greater 
viscosities, preferably in the range of about 75,000 cps 
to about 500,000 cps. e.g., from about 200,000 cps to .20 
about 300,000 cps. 

After such administration, the viscous gel remains in 
the eye for a prolonged period of time and is able to 
release a medicament contained therein in sustained 
fashion. In this connection, medicaments such as fluoro- 
metholone, pilocarpine or demulcents, in an amount of 
from about 0.005% to about 10% by weight based on 
the total weight of the suspension, are added during or 
after initial formulation. 

The above discussion of this invention is directed 
primarily to preferred embodiments and practices 
thereof. It will be readily apparent to those skilled in the 
art that further changes and modifications in actual 
implementation of the concepts descnbed herein can 
easily be made without departing from the spirit a-d 
scope of the invention as defmed by the following 
claims. 

We claim: 

1. A sustained release topical ophthalmic medicament 
delivery system, comprising: 

an aqueous suspension at a pH of from about 3 to 
about 6.5 and an osmotic pressure of from about 10 
to about 400 mOsM containing from about 0. 1% to 
about 6.5% by weight, based on the total weight of 
the suspension, of a carboxyl-containing polymer 45 
prepared by polymerizing one or more carboxyl- 
containing monoethylenically unsaturated mono- 
mers and less than about 3% by weight of a cross- 
Unking agent, such weight percentages of mono- 
mers being based on the total weight of monomers 
polymerized, 

said suspension having a viscosity of from about 1,000 
to about 30,000 ccntipoises and being administrable 
to the eye in drop form, 

said polymer having average particle size of not more 
than about 50 ^m in equivalent spherical diameter 
and being Ughtly cross-linked such that although 
the suspension is admiiiistrable in drop form, upon 
contact of the lower pH suspension with the higher 
pH tear fluid of the eye, the suspension is rapidly 
geUable to a substantially greater viscosity than the 
viscosity of the suspension as originally adminis- 
tered in drop form, 

whereby the resulting more viscous gel can remain in 
the eye for sustained release of a medicament con- 
tained therein. 

2. A topical medicament delivery system as in claim 1 
in which said polymer is one prepared from at least 50% 



14 



weight of one or more carboxyl-containing monoethyl- 
enically unsaturated monomers. 

3. A topical ophthalmic medicament delivery system 
as in claim 1 containing an ophthalmic medicament. 

4. A topical ophthalmic medicament delivery system 
as in claim 3 in which said polymer has a particle size of 
not more than about 30 ^m. 

5. A topical ophthalmic medicament deUvery system 
as in claim 1, claim 2 or claim 3 in which said polymer 
is a monodispersion of particles. 

6. A topical ophthalmic medicament delivery system 
as in claim 5 wherein at least about 80% of the particles 
are within a no more than about 10 fxm band of major 
particle size distribution and no more than about 20% of 
the total particles are fines. 

7. The topical ophthalmic medicament delivery sys- 
tem as in claim 5 wherein at least about 90% of the 
particles are within a no more than about 10 p.m band of 
major particle size distribution, and no more than about 
10% of the total particles are fines. 

8. The topical ophthalmic medicament delivery sys- 
tem as in claim 5 wherein at least about 95% of the 
particles are within a no more than about 10 ^m band of 
major particle size distribution, and no more than about 
5% of the total particles are fines. 

9. The topical ophthalmic medicament delivery sys- 
tem ais in claim 6 wherein the band of major particle 
distribution is from about 1 to about 5 ^m. 

10. The topical ophthalmic medicament delivery 
system as in claim I wherein the polymer is one in 
which up to about 40% by weight of said carboxyl-con- 
taining monoethylenically unsaturated monomers has 
been replaced by one or more non-carboxyl-containing 
monoethylenically unsaturated monomers. 

11. A topical ophthalmic medicament delivery sys- 
tem as in claim 4 in which said polymer is one prepared 
from at least about 90% by weight of one or more car- 
boxyl-containing monoethylenically un-saturated mon- 
omers. 

12. A topical ophthalmic medicament delivery sys- 
tem as in claim 3 in which said polymer is one prepared 
by suspension or emulsion polymerizing acrylic acid 
and a non-polyalkenyl polyether difunctional crosslink- 
ing agent to a particle size of not more than about 50 fim 
in equivalent spherical diameter. 

13. A topical ophthalmic medicament delivery sys- 
tem as in claim 12 in which said crossliiiking agent is 
divinyl glycol. 

14. A topical ophthalmic medicament delivery sys- 
50 tem as in claim 13 in which said osmotic pressure is 

achieved using a physiologically and ophthalmologi- 
cally acceptable salt in an amoimt of from about 0.01% 
to about 1% by weight, based on the total weight of the 
suspension. 

15. A topical ophthalmic medicament delivery sys- 
tem as in claim 14 in which said salt is sodium chloride. 

16. A topical ophthalmic medicament delivery sys- 
tem as in claim 15 in which said medicament is present 
in an amount of from about 0.005% to about 10% by 
weight, based on the total weight of the suspension. 

17. A topical ophthalmic medicament delivery sys- 
tem as in claim 16 in which said medicament is fluoro- 
metholone. 

18. A topical ophthalmic medicament delivery sys- 
tem as in claim 16 in which said medicament is pilocar- 
pine. 

19. A method of delivering an ophthalmic medica- 
ment to the eye which comprises: 
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preparing an aqueous suspension at a pH of from 
about 3 to about 6.3 and an osmotic pressure of 
from about 10 to about 400 mOsM containing an 
ophthalmic medicament and from about 0.1% to 
about 6.5% by weight, based on the total weight of 5 
the suspension, of a carboxyl-containing polymer 
prepared by polymerizing one or more carboxyl- 
containing monoethylenically unsaturated mono- 
mers and from less than about 5% by weight of a 
cross-linking agent, such weight pcrccnUges of 10 
monomers being based on the total weight of mon- 
omers polymerized, 

said suspension having a viscosity of from about 1,000 
to about 30,000 centipoises, and said polymer hav- 
ing an average particle size of not more than about 15 
50 in equivalent spherical diameter and being 
lightly crosslinked, 

administering said suspension to the eye in drop form 
to cause the suspension, upon contact with the 
higher pH tear fluid of the eye, to rapidly gel to a 20 
substantially greater viscosity than the viscosity of 
the suspension as originally administered in drop 
form, 

whereby the resulting more viscous gel remains in the 
eye for sustained release of the medicament con- 25 
tained therein. 
20; A method of claim 19 in which said polymer is 
one prepared from at least 50% weight of one or more 
carboxyl-containing monoethylenically unsaturated 
monomers. 30 

21. A method as in claim 19 or claim 20 in which said 
polymer has a particle size of not more than about 30 
^m. 

22. A method as in claim 19 or claim 20 in which said 
polymer is one in which up to about 40% by weight of 35 
said carboxyl-containing monoethylenically unsatu- 
rated monomers has been replaced by one or more 
non-carboxyl-containing monoethylenically unsatu- 
rated mononiers containing only physiologically and 
ophthalmoiogically innocuous substituents. 40 

23. A method as in claim 19 in which said polymer is 
one prepared by suspension or emulsion polymerizing 
acrylic acid and a non-polyalkenyl polyether difunc- 
tiona] crosslinking agent to a particle size of not more 
than about 50 ^m in equivalent spherical diameter. 45 

24. A method as in claim 23 in which said cross-link- 
ing agent is divinyl glycol. 

25. A method as in claim 24 in which said osmotic 
pressure is achieved using a physiologically and oph- 
thalmoiogically acceptable salt in an amount of from 50 
about 0,01% to about 1% by weight, based on the total 
weight of the suspension. 
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26. A method as in claim 25 in which said salt is so- 
dium chloride. 

27. A method as in claim 26 in which said medica- 
ment is present in an amount of from about 0.005% to 
about 10% by weight, based on the total weight of the 
suspension. 

28. A method as in claim 27 in which said medica- 
ment is fluorometholone. 

29. A method as in claim 28 in which said medica- 
ment is pilocarpine. 

30. A method as in claim 19, claim 20 or claim 21 in 
which said polymer is a monodispersion of particles. 

31. A method as in claim 30 wherein at least about 
80% of the particles are within a no more than about 10 
/im band of major particle size distribution and no more 
than about 20% of the total particles are fines. 

32. A method as in claim 30 wherein at least about 
90% of the particles are within the 10 band of major 
particle size distribution, and no more than about 10% 
of the total particles are fines. 

33. A method as in claim 30 wherein at least about 
95% of the particles are within a no more than about 5 
^m band of major particle size distribution and no more 
than about 20% of the total particles are fines. 

34. A method as in claim 31 wherein the band of 
major particle distribution is from about 1 to about 5 
^m. 

35. A method of preparing a sustained release topical 
ophthalmic delivery systems, comprising: preparing an 
aqueous suspension at a pH of from about 3 to about 6.5 
and an osmotic pressure of from about 10 to about 400 
mOsM and containing from about 0.1% to about 6.5% 
by weight, based on the total weight of the suspension, 
of a carboxyl-containing polymer prepared by polymer- 
izing one or more carboxyl-containing monoethyleni- 
cally unsaturated nionomers and less than about 5% by 
weight of a crosslinking agent, such weight percentages 
of monomers being based on the total weight of mono- 
mers polymerized, and 

packaging the suspension, at a viscosity of from 1,000 
to about 30,000 centipoises, for administration to 
the eye in drop form, 

said polymer having average particle size of not more 
than about 50 ^m in equivalent spherical diameter 
and being lightly cross-linked such that although 
the suspension is administrable in drop form, upon 
contact of the lower pH suspension with the higher 
pH tear fluid of the eye, the suspension is rapidly 
gellable to a substantially greater viscosity than the 
viscosity of the suspension as originally adminis- 
tered in drop form. 

* • • « • 
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[57] ABSTRACT 

Balanced pH, hyperosmotic, hypoosmotic, or isoosmotic 
gels are ideal vehicles for drug delivery. They are especially 
suited for topical body cavity or injection application of 
drugs or diagnostic agents; for drug or diagnostic agent 
delivery to the eye of a mammal; as protective corneal 
shields; or as ablaiabic corneal masks useful in laser repro- 
filing of the cornea. The compositions without the addition 
of a drug or diagnostic agent are useful as medical devices, 
for instance, in separating surgically or otherwise injured 
tissue as a means of preventing adhesions. 

11 Claims, No Drawings 
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MEDICAL USES OF IN SITU FORMED GELS 

This is a divisional of copending application(s) Ser No. 
07/785,305 filed on Sep30 1991, now U.S. Pat. No. 5,318, 
780. 5 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to drug delivery systems, the pre- 
vention of post-surgical adhesions, ophthalmic corneal pro- 
tective devices, and a surgical device used in the correction, 
for instance, of corneal ulcers, irregularities, scarring, astig- 
matism, myopia, and hyperopia. 

2. Description of the Prior Art 

Over the years, methods have been developed to achieve 
the efficient delivery of a therapeutic drug to a mammalian 
body part requiring pharmaceutical treatment. Use of an 
aqueous liquid which can be applied at room temperature as 20 
a liquid but which forms a semisolid gel when warmed to 
body temperature has been utilized as a vehicle for drug 
delivery since such a system combines ease of application 
with greater retention at the site requiring treatment than 
would be the case if the aqueous composition were not 25 
converted to a gel as it is warmed to mammalian body 
temperature. In U.S. Pal. No. 4,188,373. PLURONIC® 
polyols are used in aqueous compositions to provide ther- 
mally gelling aqueous systems. Adjusting the concentration 
of the polymer provides the desired sol-gel transition tern- 30 
pcrature, that is, the lower the concentration of polymer, the 
higher the sol-Gel transition temperamre, after crossing a 
critical concentration minimum, below which a gel will not 
form. 

In U.S. Pat. Nos. 4,474,751; '752; '753; and 4,478,822 
dmg delivery systems are described which utilize thermo- 
setting gels; the unique feature of these systems is that both 
the gel transition temperature and/or the rigidity of the gel 
can be modified by adjustment of the pH and/or the ionic 
strength, as well as by the concentration of the polymer. ^ 

Other patents disclosing pharmaceutical compositions 
which rely upon an aqueous gel composition as a vehicle for 
the application of the drug are U.S. Pat. Nos. 4,883,660; 
4,767,619; 4,511,563; and 4,861,760. Thermosetting gel 
systems are also disclosed for application to injured mam- 
malian tissues of the thoracic or peritoneal cavities in U.S. 
Pat. No. 4,911,926. 

Ionic polysaccnarides have been used in the application of 
drugs by controlled release. Such ionic polysaccharides as 50 
chitosan or sodium alginate are disclosed as useful in 
providing spherical agglomerates of water-insoluble drugs 
in the Journal of Pharmaceutical Sciences volume 78, 
number 1 1, November 1989, Bodmeier et al. Alginates have 
also been used as a depot substance in active inrniunization, 55 
as disclosed in the Journal of Pathology and Bacteriology 
volume 77, (1959), C. R. Amies. Calcium alginate gel 
formulations have also found use as a matrix material for the 
controlled release of herbicides, as disclosed in the Journal 
of controlled Release, 3 (1986) pages 229-233, Pfisteret al. 

In U.S. Pat. No. 3,640,741, a molded plastic mass com- 
posed of the reaction product of a hydrophilic colloid and a 
cross-linking agent such as a liquid polyol, also containing 
an organic liquid medium such as glycerin, is disclosed as 
useful in the controlled release of medication or other 65 
additives. The hydrophilic colloid can be carboxymetnyl 
cellulose gum or a natural alginate gum which is cross- 
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linked with a polyol. The cross-linking reaction is acceler- 
ated in the presence of aluminum and calcium salts. 

In U.S. Pat. No. 4,895,724, compositions are disclosed for 
the controlled release of pharmacological macromolecular 
compounds contained in a matrix of chitosan. Chitosan can 
be cross-linked utilizing aldehydes, epichlorohydrin, benzo- 
quinone, etc. 

In U.S. Pat No. 4,795,642, there are disclosed gelatin- 
encapsulated, conLroUed-relcase compositions for release of 
pharmaceutical compositions, wherein the gelatin encloses a 
sol id matrix formed by the cation-assisted gellation of a 
liquid filling composition incorporating a vegetable gum 
together with a pharmaceutically-active compound. The 
vegetable gums are disclosed as polysaccharide gums such 
as alginates which can be gelled utilizing a cationic gelling 
agent such as an alkaline earth metal cation. 

While the prior art is silent with respect to aqueous drug 
delivery vehicles and isotonicity thereof, osmotic drug 
delivery systems are disclosed in U.S. Pat. No. 4,439,196 
which utilize a multi-chamber compartment for holding 
osmotic agents, adjuvants, enzymes, drugs, pro-drugs, pes- 
ticides, and the like. These materials are enclosed by semi- 
permeable membranes so as to allow the fluids within the 
chambers to difluse into the environment into which the 
osmotic drug delivery system is in contacL The drug deliv- 
ery device can be sized for oral ingesdon, implantation, 
rectal, vaginal, or occular insertion for delivery of a drug or 
other beneficial substance. Since this drug delivery device 
relies on the permeability of the semipermeable membranes 
to control the rate of delivery of the drug, the drugs or other 
pharmaceutical preparations, by definition, are not isotonic 
with mammalian blood. 

Corneal protective devices are needed in cases in which 
corneal injury occurs and the immobilization of the eye 
using an eye patch is not resorted to. Molded collagen 
shields have been developed for this use. These are often not 
satisfactory because they lack sufficient flexibility to 
adequately conform to the individual corneal curvattore. 
Wetting a collagen shield will increase conformance of the 
shield to the coraea but fragmentation can occur upon 
exceeding the flexibility of the collagen shield. The clinical 
uses of collagen shields are disclosed by Poland et al. in 
Journal of Cataract Refractive Surgery, Volume 14, Sep- 
tember 1988, pages 489-491. The author describes the use 
of collagen shields immersed in tobramycin solution in order 
to rehydrate the collagen prior to use. Tliese are described as 
useful following cataract extraction or in patients having 
nonsurgical epithelial healing problems. More rapid healing 
of epithelial defects after surgery restated from the use of the 
collagen shield. Collagen shields have also been utilized as 
agents for the delivery of drugs to the coraea as disclosed in 
Reidy et al Cornea, in press, 1989 die Raven Press, Ltd., 
New York and Shofner et al, Opthalmology clinics of North 
America, Vol. 2, No. 1, March 1989, pages 15-23. 

Refractive surgery has been promoted in the United States 
and Russia over the past few years but its acceptance has 
been limited because of the poor predictability of the final 
optical results which include a resulting glare from incisions 
that encroach upon the optical zone. Techniques that rely 
upon the surgical production of corneal incisions have 
yielded inconsistent results because these surgical incisions 
in the cornea have been found to vary considerably in depth 
and length. 

Laser keratectomy has been shown to be capable of 
yielding a more accurately controlled depth of corneal 
excision since each individual laser pulse excises a specific 
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amount (0.2 lo 10.0 jim) of cornea! tissue. Accordingly, the 
depth of excised tissue is in theory uniform and predictable, 
provided that the energy distribution is homogeneous across 
the laser beam. Since the primary locus of astigmatism is in 
the cornea, surgical intervention for astigmatism is more 5 
important than for the correction of other refractive errors, 
especially since spectacle or contact lens correction is of 
limited value in compensating for large astigmatic errors. 

The excimer laser was introduced to ophthalmology in 
1983 (Trokel, S., et al., "Excimer surgery of the cornea," jq 
Am, J. OphtalmoL 96:710-715, 1983). The depth of incision 
with short intense pulses permitted great precision to be 
achieved in tests on freshly enucleated cow eyes. The 
photochemical laser- tissue interaction is not thermal, per- 
mitting direct breaks of organic molecular bonds without 15 
involving optical breakdown in adjacent tissue. Early 
experimental results in rabbits revealed problems of 1) 
corneal stromal swelling, probably in response to disturbed 
water relationships due to compromise of the epithelial 
barrier and severing of the lamellae and (2) rearrangement of 20 
endothelial cells resulting from loss of contact inhibition 
(Marshall, J., et al., *'An ultras tnictural study of corneal 
incisions induced by an excimer laser at 193 nm", Ophthal- 
mology 92:749-758, 1985) Experiments with freshly 
enucleated human eyes indicated that flattening obtained by 25 
excimer laser ablation correlated with results of clinical 
scalpel radial keratotomy, but evaluation of the effects on 
wound healing and possible damage to adjacent structures 
was not addressed (Codiar, A.M., et al., "Excimer laser 
radial keratotomy," Ophthalmology 92:206-208, 1985 ). It 30 
was, however, suggested that this laser may become very 
useful in applications including penetrating and lamellar 
keratoplasty, keratomileusis, and epikeratophakia. Control 
of the area and depth of pulses using photolithographed 
masks resulted in ability to produce narrow cuts (20 um) and 35 
at depths depending on pulse number (Puliafito, Cali., et al.. 
"Excimer laser ablation of the cornea and lens". Ophthal- 
mology 92:741-748, 1985 ). These controlled ablations had 
only veiy narrow bands of destruction at the adjacent edges. 
These studies led to the quantitauon of laser ablation (Krue- 40 
Gar, R. R. and S. L. Trokel, "Quantitation of corneal ablation 
by ultraviolet laser light". Arch Ophthalmol 103: 
1741-1742, 1985), Excimer far UV radiation can be con- 
trolled to produce minimal adjacent tissue damage providing 
the angle and depth can be precisely controlled. The remain- 45 
ing problem of effects on healing could then be addressed. 

Wound healing was assessed in rabbits following excimer 
laser surface ablation (Hanna, K. D. , et al., "Corneal stromal 
wound healing in rabbits after 193 nm excimer laser surface 
ablation", ArcA. Ophtlialmol 107: 895-901, 1989). Healing 50 
appeared to be excellent except when over 85% to 90% of 
the corneal thickness had been cut. Endothelial cell disrup- 
tion, junction separation and individual cell dropout 
occurred with corneal haze development with the deeper 
cuts. A delivery system designed to deliver predictable 55 
depths of cut is. therefore, essential. Similar findings were 
reported in studies on human blind eyes (Taylor, D. M., et 
al., "Human excimer laser lamellar Keratectomy" Ophthal- ' 
mology 96: 654-664, 1989). Attention was directed to the 
challenges of improved procedures and equipment, the prob- 60 
lems of individual variation, and the control of biologic 
responses to u-auma before excimer laser lamellar keratec- 
tomy could become a clinically useful means of correcting 
refracdve errors. In living monkey eyes, it was concluded 
that mild, typical wound healing occurred after excimer laser 65 
Keratomileusis (Fantcs, F. E., et al., "Wound healing after 
excimer laser keratomileusis [photorefractive keratectomy] 
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in monkeys". Arch OphtfialmoL 108: 665-675, 1990). All 
corneas were epithelialized by 7 days. By 6 weeks, mild to 
moderate haze was apparent with clearing by 6 to 9 months. 
The epithelium was thickened at 21 days after ablation, but 
returned to normal by 3 months. Subepithelial fibroblasts 
were three limes the density of normal keratocytes, but 
returned to nearly normal numbers by 9 months. One 
conclusion reached was that control of the contour and 
uniformity of the ablated surface is important for structural 
and biological responses of the cornea. 

Review of the literature clearly reveals that far UV 
vaporization (ablation with an excimer laser at 193 nm, for 
example) is a feasible means to sculpture or reprofile the 
cornea to correct nearsightedness, farsightedness, astigma- 
tism, corneal scars, corneal densities, etc. The healing 
appears to parallel or to be equal to healing after scalpel 
intervenuon, providing the proper guidelines for pulsing and 
duration are followed. There remains a need to control the 
contour and uniformity of the ablated surface. Such control 
will reduce the adverse structural and biological response of 
the cornea and insure that a desired corrective change 
results. 

The use of a mask, of nearly identical optical density to 
the cornea, which can be preformed on the corneal surface 
so as to provide a smooth surface of exact contour and 
accurate dimensions would correct many of the problems 
that have prevented the precise control of the laser beam 
during keratotomy. This mask would be required to with- 
stand exposure to moist gases direct tangentally to the 
corneal surface throughout the duration of exposure to the 
laser to remove ablated debris. The modulation of the beam 
energy distribution of the laser in a controlled fashion should 
also be provided by such a corneal mask. The use of a 
smooth ablatable mask having a known contour and having 
the density of the cornea would aid in insuring accurate 
direction and depth of a tangental cut utilizing a laser beam. 
The ablatable mask of the invention provides such advan- 
tages. 

Ionic polysaccharides have been used in the application of 
drugs by conUroUed release. Such ionic polysaccharides as 
chitosan or sodium alginate are disclosed as useful in 
providing spherical agglomerates of water-insoluble drugs 
in the Journal of Pharmaceutical Sciences, volume 78, 
number 11, November 1989, Bodmeier et al. Alginates have 
also been used as a depot substance in active immunization, 
as disclosed in the Journal of Pathology and Bacteriology, 
volume 77, (1959), C. R. Amies. Calcium alginate gel 
formulations have also found use as a matrix material for the 
controlled release of herbicides, as disclosed in the Journal 
of Controlled Release, 3 (1986) pages 229-233, Pfister et al. 
Alginates have also been used to form hydrogel foam wound 
dressings, as disclosed in U.S. Pat. No. 4,948,575. 

SUMMARY OF THE INVENTION 

Compositions and a process for drug or diagnostic agent 
delivery by topical, injection, or body cavity delivery are 
disclosed. The pharmaceutical compositions in one embodi- 
ment of the invention contain pharmacologically active 
medicaments which are useful in providing treatments to 
ophthalmic areas of the mammalian body requiring the 
controlled release application of a medicament or requiring 
the adminisu-ation of a diagnostic agent. In addition, the 
compositions of the invention are useful, with or without the 
inclusion of a medicament, as injectable compositions for 
depot drug delivery, as a protccdve corneal shield, as a 
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second skin for application to wounds, as an ablaiable 
corneal mask in a laser keratectomy process or, as medical 
devices, for instance, in the separation of organs, injured in 
surgical procedures or otherwise, in order to prevent the 
formation of undesirable adhesions as part of the healing 5 
process. 

The compositions of the invention provide a physiologi- 
cally acceptable vehicle having a buffered pH and hypoos- 
motic, hyperosmotic, or isoosmotic characteristics- The pH 
and osmotic pressure is. preferably, made similar to bodily 10 
fluids, such as lacrimal tears. The pH and osmotic pressure 
of lacrimal tears is about pH 7.4 and 290 mOsm/kg. In 
addition, the pharmaceutical compositions are. optionally, 
sterilized so as to insure that the pharmaceutical composi- 
tions of the invention do not provide a source of infection. 15 

Polyphase systems are also useful and may contain non- 
aqueous solutes, non-aqueous solvents, and other non-aque- 
ous additives. Homogeneous, polyphase systems can con- 
tain such additives as water insoluble high molecular weight 
fatty acids and alcohols, fixed oils, volatile oils and waxes. 20 
mono-, di-, and triglycerides, and synthetic, water insoluble 
polymers without altering the functionality of the system. 

The compositions of the invention in a preferred embodi- 
ment comprise aqueous mixtures of a film forming, water 
soluble polymer and an ionic polysaccharide, optionally ^ 
containing a latent counter-ion to gel the polysaccharide 
upon release of the counter-ion. Alternatively, the compo- 
sitions of the invention can comprise a two part aqueous 
system, one of which contains the ionic polysaccharide and 
film forming polymer and the other part containing an 
aqueous solution of a counter-ion. 

The counter-ion can be provided in latent form by 
microencapsulation in a heat sensitive medium, for instance, 
the walls of the microcapsule can be made of mono-, di-, or 
tri-glycerides or other natural or synthetic heat sensitive 
polymer medium. Alternatively, ion exchange resins can be 
incorporated in the compositions of the invention so as to 
release the desired counter-ion upon contact with an envi- 
ronment opposite in pH to the pH of the ion exchange resin. ^ 
The aqueous mixture can be delivered to the ophthalmic area 
of the mammalian body requiring treatment as a low vis- 
cosity liquid at ambient temperatures. Activation of the 
latent form of the counter-ion gels the aqueous mixture in 
situ. The two part system can be separately applied to gel the 
mixture in situ. Because the compositions of the invention 
are low viscosity liquids at ambient temperatures, they 
easily pass to various ophthalmic areas insuring maximum 
contact between exposed tissue and the compositions of the 
invention. The gel compositions of the invention can be 
either peeled away or allowed to be absorbed over lime. The 
gels are gradually weakened upon exposure to mammalian 
body pH conditions. 

The useful film forming polymers are. preferably, water 
soluble polymers such as those which have been used in 55 
ophthalmic applications. The hydroxyalkyl cellulosics and 
methyl celluloses, sodium hyaluronate. and polyvinyl alco- 
hol are representative polymers which have been found 
useful in ophthalmic applications. 

The useful ionic polysaccharides are natural polymers 60 
such as chitosan, gcllan gum or alginates. Aqueous solutions 
of alginate ionic polysaccharides form gels upon contact 
with aqueous solutions of counter-ions such as calcium, 
strontium, aluminum, etc. Aqueous solutions of chitosan 
form gels upon contact with a metal tripolyphosphate 65 
counter-ion. The discovery forming the bas is of this appli- 
cation is that when ionic polysaccharides are present in 
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aqueous solutions in admixture with film forming polymers 
and a counter-ion, that such mixtures form useful gels. The 
osmolality of which can be calculated by assuming that the 
film forming polymer, if water soluble, docs not contribute 
to the osmolality in the gel state. 

DETAILED DESCRIPTION OF THE 
INVENTION 

It has been found that aqueous pharmaceutical vehicles 
containing a film forming polymer and an ionic polysaccha- 
ride can be gelled and rendered resistant to shear thinning by 
contacting the mixture with a counter-ion. The gel compo- 
sitions can be made isotonic or iso-osmouc and adjusted to 
the pH of mammalian body fluids, such as lacricoal tears. 
The pH and osmotic pressure of such bodily fluids are 7.4 
and 290 mOsm/kg, respectively. It is advantageous to 
deliver a pharmacologically active medicament to an area of 
the mammalian body requiring pharmacological treatment 
under desired pH and osmotic pressure conditions which, for 
instance, match those of bodily fluids. Optionally, the phar- 
maceutical compositions of the invention can be provided in 
a sterile condition. 

A complete listing of useful water soluble, film forming 
polymers is not possible. Representative useful polymers are 
the water soluble alkyl celluloses, i.e., methyl and ethyl 
cellulose; the hydroxyalkyl celluloses, i.e., hydroxypropyl- 
methyl cellulose and hydroxyethyl cellulose; hyaluronic 
acid and water soluble salts thereof, i.e.. sodium hyalur- 
onate; chondroitin sulfate and water soluble salts thereof, 
i.e., sodium chondroitin sulfate; polymers of acrylamide, 
acrylic add, and polycyanoacrylates; polymers of methyl 
methacrylatc and 2-hydroxyethyl methacrylate; polydex- 
trose, cyclodextrin; polydextrin; maltodextrin, dextran; 
polydextrose; gelatin, collagen, natural gimis, i.e., xanthan, 
locust bean, acacia, tragacanth, carrageenan. and agar; 
derivatives of polygalacturonic acid such as pectin; polyvi- 
nyl alcohol; polyvinyl pynolidone; polyethylene glycol; and 
polyethylene oxide. 

More complete descriptions of some of the preferred 
water soluble, film forming polymers are as follows, Cyclo- 
dextrin also known as cycloamylose is a cyclic oligosac- 
charide. Cyclodextrins are produced by the enzyme conver- 
sion of prehydrolized starch to a mixture of alpha, beta, and 
gamma cyclodextrins and some linear dextrins. The cyclo- 
dextrins are composed of glucose units linked together by 
alpha (1-4) glycosidic bonds. 

Sodium hyaluronate also known as hyaluronic acid is 
composed of repeating units of sodium glucuronate and 
N-acetylglucosamine. Sodium hyaluronate was orginally 
extracted from the comb of the rooster. Hyaluronic acid is a 
common biological agent present in a number of sources 
including the human umbilical cord. Sodium hyaluronate 
can also be manufactured by fermentation of a strain of 
streptococcus zooepidemicus. 

Polydextrose is a randomly bonded condensation polymer 
of dextrose which is only partially metabolized by mam- 
mals. The polymer can contain a minor amount of bound 
sorbitol, citric acid, and glucose. 

Chondroitin sulfate also known as sodium chondroitin 
sulfate is a mucopolysaccharide found in every pan of 
human tissue, specifically cartilage, bones, tendons, liga- 
ments, and vascular walls. This polysa'-charide has been 
extracted and purified from the cartilage of sharks. 

Carrageenan is a linear polysaccharide having repeating 
galactose units and 3,6 anhydrogalactose units, both of 
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which can b& sulfated or nonsulfated, joined by altemaiing 
1-3 and beta 1-4 giycosidic linkages. Cairageenan is a 
hydrocolloid which is heat extracted from several species of 
red seaweed and irish moss. 

MaUodextrins are water soluble glucose polymers which 5 
are formed by the reaction of starch with an acid and/or 
enzymes in the presence of water. 

Further details of the composition and derivation of other 
useful water soluble, film forming polymers can be found in 
the HANDBOOK OF PHARMACEUTICAL EXCIPIENTS, lo 
published by the American Pharmaceutical Association 
Washington, D.C. copyright 1986. incorporated herein by 
reference. 

The gel forming ionic polysaccharides found useful in the 
present invention arc hydrophilic colloidal materials and 15 
include the natural gums such as gellan gum, alginate gums, 
i.e.. the ammonium and alkali metal salts of alginic acid and 
mixtures thereof. In addition, chitosan. which is the common 
name for deacetylated chitin is useful. Chitin is a natural 
product comprising poIy-(N-acetyl-D-glucosamine). Gellan 20 
gum is produced from the fermentation of pseudomonas 
elodea to yield an extracellular heteropolysaccharide. The 
alginates and chitosan are available as dry powders from 
Protan, Inc., Commack, N.Y. Gellan gum is available from 
the Kelco Division of Merck & Co., Inc., San Diego, Calif. 

Generally, the alginates can be any of the water-soluble ^ 
alginates including the alkali metal alginates, such as 
sodium, potassium, lithium, rubidium and cesium salts of 
alginic acid, as well as the ammonium salt, and the soluble 
alginates of an organic base such as mono-, di-, or tri- 
ethanolamine alginates, aniline alginates, and the like. Gen- 
erally, about 0.2% to about 3.0% by weight and, preferably, 
about 0.5% to about 1.0% by weight of gellan, alginate or 
chitosan ionic polysaccharides, based upon the total weight 
of the composition, arc used to obtain the gel compositions 
of the invention. 

In general, the drug delivery composition of the invention 
will contain about 0.01% to about 60% by weight of 
medicament or pharmaceutical, about 1 % to about 50% by 
weight of the water soluble, film forming polymer, together ^ 
with the above amounts of ionic polysaccharide and the 
balance water. In special situations, these amounts of gel 
fonming ionic polysaccharide and water soluble, film form- 
ing polymer may be varied to increase or decrease the gel 
properties. 

Useful counter-ions for gelling the gellan gum or alginate 
ionic polysaccharides in combination with the film forming, 
water soluble polymer compositions of the invention are 
cationic gelling agents, preferably, comprising a divalent or 
trivalent cation. Useful divalent cations include the alkaline 50 
earth metals, preferably, selected from the group consisting 
of calcium and strontium. Useful trivalent cations include 
aluminum. The most preferred counter-ions for gelling gel- 
lan gum or alginate ionic polysaccharides are contained in 
ionic compounds selected from pharmaceutical ly-accept- 55 
able gluconates, fluorides, citrates, phosphates, tartrates, 
sulfates, acetates, borates, chlorides, and the like having 
alkaline earth metal cations such as calcium and strontium. 
Especially preferred counter-ion containing inorganic salts 
for use as ionic polysaccharide gelling agents include such 
inorganic salts as the chloride salts, such as strontium 
chloride, calcium chloride, and mixtures thereof. Generally, 
a molar ratio of counter-ion to gellan, chitosan or alginate of 
about 1:1 to about 10:1, preferably, about 2:1 to about 5:1. 
and, most preferably, about 3:1 to about 5:1 is used, ^5 

While the counter-ion, such as calcium or other counter- 
ions may be obtained by contact of the compositions of the 
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invention with bodily fluids, it is preferred that a counter-ion 
in latent form be used in combinau'on with the gellan gum 
or alginate ionic polysaccharide and film forming, water 
soluble polymer compositions of the invention. Alterna- 
tively, a counter-ion can be combined with the ionic polysac- 
charide and water soluble, film forming polymer composi- 
tions of the invention utilizing a two part system in which 
the counter-ion is topically or otherwise applied to the 
compositions of the invention subsequent to their topical or 
other application. 

Incorporation of the counter-ion in a latent form together 
with the ionic polysaccharide and film forming, water 
soluble polymer compositions of the invention may be 
accomplished by either encapsulating an aqueous solution of 
one of the counter-ion gelling agents, previously described 
above or by the incorporation of the counter-ion gelling 
agent into a matrix which provides for the controlled, 
slow-release of the gelling agent. For instance, the gelatin- 
encapsulated controlled release compositions disclosed in 
U.S. Pat No. 4.795,642. incorporated herein by reference, 
disclose the preparation of a gelatin shell encapsulating a 
controlled release formulation in which the gelatin compo- 
sition includes calcium chloride as the gelling agent. Alter- 
natively, the counter-ion can be incorporated as an aqueous 
solution of a cationic gelling agent encapsulated in a vesical ^ 
composed, for instance, of alpha-tocopherol. as disclosed in 
U.S. Pat. No. 4,861,580, incorporated herein by reference. 

Generally, aqueous compositions comprising chitosan can 
be gelled with multivalent anion gelling agents, preferably, 
comprising a metal polyphosphate, such as an alkali metal or 
ammonium polyphosphates, pyrophosphates, or met^hos- 
phates. Representative metaphosphate, pyrophosphate, and 
polyphosphate gelling agents include sodium and potassium, 
polyphosphates, sodium and potassium pyrophosphates, 
sodium and potassium metaphosphates. and sodium and 
ammonium (mono-, di-, tri-) phosphates. 

With specific reference to the use of the compositions of 
the invention as ophthalmic drug delivery compositions, 
laser ablatable shields, or corneal protective compositions, it 
is noted that, generally, for the avoidance of adverse physi- 
ological effects to the eye, it is desirable that the pH and 
osmolality of the pharmaceutical vehicle be matched to the 
pH and osmolality of the eye. In addition, it is noted that a 
large percentage of drugs administered to the eye are lost as 
a result of lacrimal drainage. This applies especially in 
situations in which a liquid composition containing a phar- 
macologically active medicament is applied to the cornea of 
the eye. Accordingly, in such cases, only a small fraction of 
the pharmaceutical composition administered to the eye 
remains in contact with the cornea for a few minutes and an 
even smaller fraction penetrates into the cornea. To over- 
come these disadvantages, it is known to use viscous solu- 
tions, gels, ointments, or solid eye implants containing 
pharmacologically active medicaments. While progress has 
been made in the delivery of drugs by the use of solid 
implants, many patients find it difficult to tolerate the 
introduction of the implants into the conjunctival areas. 

To solve this problem, drug delivery vehicles which are 
liquid at room temperature and assume a semi-solid form at 
human body temperamre have been proposed, such as those 
described in U.S. Pat. No. 4,188,373, which disclose the use 
of PLURONlC(5> polyols. In U.S. Pat. No. 4.861.760 and 
U.S. Pat. No. 4,474,751, ophthalmic drug delivery systems 
are disclosed which show liquid-gel phase transitions. In the 
'751 Patent, polymers are disclosed which arc tetra substi- 
tuted derivatives of ethylenediaminc, propylcnediamine, 
butyl enediaraine. pentylcnediamine. or hexylcncdiamine! 
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These are described as block copolymers of poly(oxypro- 
pylene) and poly(oxyethyiene) of various chain lengths. 
These polymers were utilized as aqueous drug delivery 
vehicles contain from 10% to 50% by weight of polymer 
based on the weight of the total drug delivery vehicle. In the 5 
'760 Patent, the liquid-gel phase transition compositions for 
ophthalmological use contain polymers which form gels at 
concentrations 1 0-1 00 fold lower than those used in systems 
such as the * 751 Patent, involving thermogelation. Accord- 
ingly, the drug delivery vehicles of the '760 Patent are said jq 
to be very well tolerated by the eye. The polymers utilized 
in the drug delivery vehicles of the '760 Patent are described 
as polysaccharides obtained by fermentation of a microor- 
ganism. 

The drug delivery vehicles and corneal protective shield 15 
compositions of the invention are an improvement over 
those compositions used in prior art methods of ophthalmo- 
logical drug delivery in that the compositions can be not 
only optimized for physiological tolerance in the eye by 
formulating the vehicles useful as drug delivery composi- 20 
tions so as to have isoosmotic, hyperosmotic, and hypoos- 
motic characteristics in the gel state but are made more 
useful because of increased resistance to shear thiiming, as 
the result of higher gel strength. These advantages are 
obtained by the incorporation of an ionic polysaccharide in 25 
admixture with a film forming, water soluble polymer. By 
matching the osmolality of the drug delivery compositions 
of the invention, for instance, to those of the lacrimal fluid 
of the eye, it is possible to eliminate burning or other 
discomfort upon application of the drug delivery vehicles of 39 
the invention to the eye. The gel compositions formed upon 
contact with a counter ion for the ionic polysaccharide allow 
retention of the gel at the desired locus for longer intervals 
thus increasing the efficiency of action of the delivered drug. 
Drugs or diagnostic agents which can be administered by 35 
means of the drug delivery vehicles according to the inven- 
tion are, for example: 

Antibacterial substances such as beta-lactam antibiotics, 
such as cefoxitin, n-formamidoylthienamycin and other 
thieiiamycLn derivatives, teu^cyclines, chlorampheni- 40 
col, neomycin, carbenicillin, colistin, penicillin G, 
polymyxin B, vancomycin, cefazolin, cephaloridine, 
chibrorifamycin, gramicidin, bacitracin and sulfona- 
mides; 

aminoglycoside antibiotics such as gentamycin, kanamy- 
cin, amikacin, sisomicin and tobramycin; 

nalidixic acid and its analogs such as norfloxacin and the 
antimicrobial combination fluoroalanine/pendzidone, 
nitrofiirazones and analogs thereof; 

aniihistaminics and decongestants such as pyrilamine, 
chlorpheniramine, tetrahydrazoline, antazoline and 
analogs thereof; mast-cell inhibitors of histamine 
release, such as cromolyn; 

anti-inflaminatories such as cortisone, hydocortisone, 55 
hydrocortisone acetate, betamethasone, dexametha- 
sone, dexamcthasone sodium phosphate, prednisone, 
raethylprednisolone, medrysone, fluorometholone, 
prednisolone, prednisolone sodium phosphate, triamci- 
nolone, indomethacin, sulindac, its salts and its corre- go 
sponding sulfides, and analogs thereof; 

miotics and anticholinergics such as echothiophate, pilo- 
carpine, physostigmine salicylate, diisopropylfiuoro- 
phosphate, epinephrine, dipivaloylcpinephrine. neo- 
stigmine, echothiopate iodide, demecarium bromide, 65 
carbamoyl choline chloride, methacholine, 
bethancchol, and analogs thereof; 
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mydriatics such as atrophine, homatropine, scopolamine, 
hydroxyamphetamine, ephedrine, cocaine, tropicam- 
ide. phenylephrine, cyclopentolate, oxyphenonium, 
eucatropine, and analogs thereof; 

Other dmgs can be used in the treatment of conditions and 
lesions of the eyes such as: 

antigiaucoma drugs, for example, timolol, and especially 
its maleic salt and R-timolol and a combination of 
timolol or R-timolol with pilocarpine, as well as many 
other adrenergic agonists and/or antagonists: epineph- 
rine and an epinephrine complex, or prodrugs such as 
bitartrate, borate, hydrochloride and dipivefrine deriva- 
tives; carbonic anhydrase inhibitors such as acetazola- 
midc, dichlorphenamide, 2-(p-hydroxyphenyl)-thio 
thiophenesulfonamide, 6-hydroxy-2-ben2othiazole- 
sulfonamide, and 6-pivaloyloxy-2-bcnzothiazole- 
sulfonamide; 

antiparasitic compounds and/or anti-protozoal com- 
pounds such as ivermectin, pyrimethamine, trisulfapi- 
dimidine, clindamycin and corticosteroid preparations; 

compounds having antiviral activity such as acyclovir, 
5-iodo-2'-deoxyuridine (IDU), adenosine arabinoside 
(Ara-A), trifluorothymidine, interferon, and inlerferon- 
inducing agents such as poly I:C; 

antifungal agents such as amphotericin B, nystatin, flucy- 
tosine, natamycin and miconazole; 

anesthetic agents such as etidocainc cocaine, benoxinate, 
dibucaine hydrochloride, dycloninc hydrochloride. 
. naepaine, phenacaine hydrochloride, piperocaine, pro- 
paracaine hydrochloride, tetracaine hydrochloride, 
hexylcaine, bupivacaine, lidocaine, mepivacaine and 
prilocaine; 

ophthalmic diagnostic agents, such as: 

(a) those used to examine the retina such as sodium 
fluorescein; 

(b) those used to examine the conjunctiva, cornea and 
lacrimal apparatus, such as fluorescein and rose 
bengal; and 

(c) those used to examine abnormal pupillary responses 
such as methacholine, cocaine, adrenaline, atropine, 
hydroxyamphetamine and pilocarpine; 
ophthalmic agents used as adjuncts in surgery, such 

as alpha-chymotrypsin and hyaluronidase; 
chelating agents such as ethylenediaminctetraacctic 

acid (EDTA) and deferoxamine; 
immunosuppressants and anti-metabolites such as 
methotrexate, cyclophosphamide, 6-mercaptopu- 
rine and azathioprine and combinations of the 
compounds mentioned above, such as andbiotics/ 
antiinflammatories combinations such as the com- 
bination of neomycin sulfate and dexamcthasone 
sodium phosphate and combinations concomi- 
tantly used for treating glaucoma, for example, a 
combination of timolol maleate and acecUdine. 
In general the drug delivery composition of the present 
invention will contain from about 0.01% to about 60% by 
weight of the medicament or pharmaceutical, from about 1 % 
to about 50% of the polymer, the above amounts of ionic 
polysaccharide, and the balance water. In special situations, 
however, the amounts may be varied to increase or decrease 
the dosage schedule. 

If desired, the ophtnalmic drug delivery vehicle, laser 
ablatable corneal mask, and corneal protective compositions 
of the invention may also contain preservatives, cosol vents, 
suspending agents, viscosity enhancing agents, ionic- 
strength and osmolality adjusters and other cxcipients in 
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addition to the medicament and bufifering agents. Suitable 
water soluble preservatives which may be employed in the 
invent ire drug delivery vehicle are sodium bisulfite, sodium 
thiosulfaie, ascotbate, benzalkonium chloride, chlorabu- 
lanoU thimerosal, phenylmercuric borate, parabens. benzy- 5 
lalcohol phenylethanol and others. These agents may be 
present, generally, in amounts of about 0.001 % to about 5% 
by weight and, preferably, in the amount of about 0.01 to 
about 2% by weight. 

Suitable water soluble buffering agents are alkaJi or alkali 
earth carbonates, phosphates, bicarbonates, citrates, borates, *° 
acetates, succinates and the like, such as sodium phosphate, 
citrate, borate, acetate, bicarbonate, carbonate and 
tromeihamine (TRIS). These agents are present in amounts 
sufficient to maintain the pH of the system at 7.4±0.2 and 
preferably, 7.4. As such the buffering agent can be as much *5 
as 5% on a weight basis of the total composition. 

Representative buffering agents or salts useful in main- 
taining the pH at about 7.4±0.2 arc alkali or alkali earth 
carbonates, chlorides, sulfates, phosphates, bicarbonates, 
citrates, borates, acetates and succinates. Representative 20 
preservatives are sodium bisulfite, sodium thiosulfate, ascor- 
bate, benzalkonium chloride, chlorobutanol, thimcrosal, 
phenylmercuric borate, parabens, benzylalcohol and phe- 
nylethanol. 

The corneal mask compositions of the invention are an 
improvement over the prior art thermo-reversible gels con- 
taining a polyoxyalkylene polymer as the sole polymer, in 
that the compositions of the invention provide greater gel 
strength because they are more resistant to shear thinning 
and are characterized as thermally-irreversible. These 
advantages are obtained by the incorporation of an ionic 
polysaccharide in admixture with a water soluble, film 
forming polymer. They can be opdmizcd for optimum 
physiological tolerance in the eye by formulating the com- 
positions so as to have a neutral pH and isotonic character- 
istics. These former advantages are obtained by the incor- 
poration of an ionic polysaccharide in admixture with a 
water soluble, film forming polymer. By matching the 
osmolality and pH of the laser ablatable corneal mask 
compositions of the invention to those of the lacrimal fluid 
of the eye, it is possible to eliminate burning or other 40 
discomfort upon application of the corneal mask of the 
invention to the eye. The higher gel strength compositions 
upon contact with a counter-ion allow retention of the gel as 
an in situ formed corneal mask for long intervals. 

The preparation of the drug delivery compositions, cor- 45 
neal protective compositions, and ablative corneal shield 
compositions of the invention is described below. The 
Examples which follow were prepared, generally, in accor- 
dance with the following preparation procedure. A mixture 
of a water soluble, film forming polymer and ionic polysac- 50 
charide is stirred or shaken in admixture with the aqueous 
buffer solution to bring about a more rapid solution of the 
polymer. The pharmacologically active medicaments and 
various additives such as salts and preservatives can subse- 
quently be added and dissolved. In some instances the 55 
pharmacologically active substance must be suspended 
since it is insoluble in water. The pH of 7.4+0.2 is obtained 
by of appropriate buffering agents. 

The following Examples illustrate the various aspects of 
the invention but are not intended to limit its scope. Where eo 
not otherwise specified throughout this specification and 
claims, temperatures are given in degrees centigrade and 
pans, percentages, and proportions are by weight. 

EXAMPLE I 

65 

In this Example there is described a composition of the 
invention suitable for ophthalmic use as a laser ablatable 



25 



30 



35 



corneal mask or protective corneal shield. The composition 
was characterized as iso-osmotic and neutral in pH. An 
aqueous solution was made by dissolving the hydroxypropyl 
methyl cellulose in aqueous buffer solution together with the 
sodium alginate. The hydroxypropyl methyl cellulose was 
characterized as grade F50LV Premium, obtained from The 
Dow Chemical Company. The sodium alginate, character- 
ized as high viscosity grade HF120 was obtained from 
Protan, Inc. The proportions of ingredients in percent by 
weight are as follows: 



Hydroxypropyl meihyl cellulose 
Sodium Alginate, high viscosity 
Glycerin 

Boric acid-sodium borate buffer 



2.0 
1.0 
0.25 
96.75 



The boric acid-sodium borate buffer was prepared as 
follows: In a two liter volumetric flask, 24.7 grams of boric 
acid and 3.8 grams of sodium borate decahydrate were 
dissolved in two liters of purified water, USR The formu- 
lation of this Example had a measured pH of 7,2 and an 
osmolality of 277 mOsm/Kg. A small amount of the formu- 
lation was placed on a glass slide and evenly spread so as to 
create a thin film. The film was subsequently sprayed with 
an aqueous solution of calcium chloride having a concen- 
tration of 2% to about 5% by weight The fihn was charac- 
terized as strong, transparent, and resembled a thin, soft 
hydrophilic corneal contact lens which would be useful as a 
protective corneal mask or as an ablatable mask useful in 
laser keratectomy. 

The product was further characterized by measuring the 
average penetration in millimeters determined using a Pre- 
cision Penetrometer with a »4 size (9.38 grams, ASTM 
D-1043) cone and plunger. The penetration of the aqueous 
solution of polymers prepared above was greater than 20 
nmi. Subsequent to treatment of this solution with a few 
drops of a 2%-5% by weight aqueous solution of calcium 
chloride, a gel was formed in which the penetration was 
reduced to 5 mn, 

EXAMPLES 2 AND 3 

In these Ex amples there are described compositions of the 
invention for ophthalmic use as a corneal protective mask or 
as a laser ablatable corneal mask. Utilizing the same pro- 
cedure as described in Example 1 , an aqueous composition 
containing sodium hyaluronate and sodium alginate was 
prepared in two separate compositions. Sodium hyaluronate 
is commercially available from Meiji Seika Inc. Example 2 
was hypoosmotic having an osmotic pressure of 249 mOsm/ 
Kg and Example 3 was hyperosmotic having an osmotic 
pressure of 319 mOsm/Kg. Both compositions were char- 
acterized as neutral in pH. The formulations have the 
following proportions by weight: 





Example 2 


Example 3 


Sodium hyaluronaie 


1.0 


1.0 


Sodium alginate, high viscosity 


1.0 


1.0 


Glycerin 




0.5 


Boric arid-sodium borate buffer 


98.0 


97.5 



These compositions were evaluated as described in 
Example 1 by spreading a small amount of the formulation 
on a glass slide and subsequently spraying the coated slide 
with a 5% by weight aqueous soludon of calcium chloride. 
Similar strong, transparent, soft films were obtained which 
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would be useful as a protective corneal shield or as a laser 
ablatable corneal mask. 

Example 3 was ftirthcr characterized by measuring the 
average penetration in millimeters determined using a Pre- 
cision Penetrometer with a 14 size (938 grams, ASTM 
D-1043) cone and plunger. The penetration of the aqueous 
■ solution of polymers prepared adore was greater than 20 
mm. Subsequent to treatment of this solution with a few 
drops of a 2%-5% by weight aqueous solution of calcium 
chloride, a gel was formed in which the penetration was 
reduced to 5.9 mn. 

EXAMPLE 4 

In this Example there is described a composition of the 
invention for ophthalmic use as a protective corneal shield 
or a laser ablatable corneal mask. An aqueous mixture 
comprising polyvinyl pyrrolidone and sodium alginate, high 
viscosity was prepared as follows: The percentages below 
arc by weight. 



Polyvinyl pyrrolidone 
Sodium alginate, high viscosity 
Glyceiin 

Boric add-sodium borate buffer 



0.8 
1.0 
0.3 
97.9 



EXAMPLE 5 

In this Example there is described a composition of the 
invention for ophthalmic use as a laser ablatable mask or as 
a protective corneal shield. In accordance with the procedure 
of Example 1, chondroitin sulfate and sodium alginate were 
prepared as an aqueous solution utilizing the percentages by 
weight indicated below. 



Sodium Chondroidn sulfate 
Sodium alginate, high viscosity 
Glycerin 

Boric acid-sodium borate buffer 



2.0 
LO 
0.3 
96.7 



The aqueous solution was characterized as neutral in pH 
having a pH of 7.0. The aqueous solution was hyperosmotic 
having a measured osmolality of 354 mOsm/Kg. The pen- 
etration utilizing a Precision Penetrometer with a V4 size 
cone, as described above, was greater than 20 mm prior to 
treatment with a few drops of a 2%-5% aqueous solution of 
calcium chloride. Subsequent to treatment with the aqueous 
calcium chloride solution, a gel was formed in which the 
penetration was reduced to 5.1 mm. 



15 



The composition was characterized as neutral in pH 
having a pH of 7.2. The composition was hypoosmotic 
having an osmolality of 270 mOsm/Kg. 

The product was further characterized by measuring the 30 
average penetration in millimeters determined using a Pre- 
cision Penetrometer with a V4 size (9.38 grams. ASTM 
D-1043) cone and plunger. The penetration of the aqueous 
solution of polymers prepared above was greater than 20 
mm. Subsequent to treatment of this solution with a few 35 
drops of a 5% by weight aqueous solution of calcium 
chloride, a gel was formed in which the penetration was 
reduced to 4.1 nmi. 



40 



45 



50 



55 



60 



EXAMPLES 6-10 

Ion exchange resin beads sold under the trade name 65 
Duolite were treated so as to incorporate calcium by first 
treating a 30 gram sample of the ion exchange resin with a 



14 
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25 



solution of 0. 1 molar hydrochloric acid so as to allow for the 
exchange of protons for sodium. After three washings with 
0.1 molar hydrochloric acid, the beads were washed with 
water and then washed twice with a 2% aqueous solution of 
calcium chloride. Each of the washing steps took place over 
a period of 16 hours (overnight). The beads were thereafter 
filtered and washed with water utilizing coarse filter paper 
and a Buchner glass filter assembly. The beads were then left 
overnight in a desiccator to dry. The dried beads of ion 
exchange resin which were obtained arc utilized in the 
amount of 2 grams to fill a first companmcnt (close to the 
needle of the syringe) of a glass syringe utilized to apply 
liquids and dry materials. The syringe is sold under the 
tradename Hypak. Into the second compartment of the 
syringe, there is placed successively the solutions of 
Examples 1-5. Pushing the plunger of the syringe forward 
results in mixing the solution of Examples 1-5 with the ion 
exchange beads. After 5 to 10 minutes subsequent to mixing, 
the mixture is expelled from the syringe. After an additional 
15 minutes the expelled material forms (without drying) a 
strong, transparent gel on the substrate on which it is 
expelled. 

EXAMPLES 11-15 

These examples describe the successive application of an 
aqueous solution of Examples 1 and 3-5 to the cornea of a 
rabbit eye and the conversion of the aqueous liquid to a gel 
by the application of a 10% calcium chloride solution having 
a pH of 6.9. The calcium chloride solution is applied to the 
concave surface of a contact lens prior to contacting the 
surface of the aqueous liquid coating applied upon the 
cornea of the rabbit eye. After applying the compositions of 
Examples 1 and 3-5 to the cornea of a rabbit while placed 
under general anesthesia^ a liquid coating is formed upon the 
cornea. Subsequently, a 10% aqueous solution of calcium 
chloride is applied to the concave surface of a hard contact 
lens and the contact lens is placed over the coating on the 
cornea of the rabbit eye. The time required for the formation 
of a gel is less than 5 minutes. Thereafter, the contact lens 
is removed to expose a perfectly smooth and optically clear 
gelled surface of the composition of Examples 1 and 3-5. 
Excimer laser keratectomy is thereafter performed utilizing 
an argon fluoride excimer laser (193 nm). Further details of 
the excimer laser keratectomey process can be found in 
Archives of Ophthamology, vol. 106. Feb., 1988, entitled 
"Excimer Laser Keratectomy with a Rotating-slit Delivery 
System", Hanna et al, incoiporaied herein by reference. 

EXAMPLES 16-18 

These Examples describe drug compositions of the inven- 
tion suitable for ophthalmic use in comparison with Control 
Examples in in-vitro tests for drug release. 
EXAMPLE 16 CONTROL— Forming no part of this inven- 
tion 





Percentage 




by weight 


Timolol maleaie 


0.50 


Poloxamer 407 


16.00 


Sodium phosphme, monobasic, monohydraie 


0.15 


Sodium phospbaie, dibasic 


0.63 


Glycerin 


0.75 


Sterile water 


81.97 
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An eye drop or medicated contact lens composition was 
prepared using a suitable glass container in which the 
sodium phosphate salts and glycerin were dissolved in 
sterile water. The polymer was next mixed with the bufFer 
solution at 65° C. for 1 hour, followed by a further 2-3 hours 
in cold conditions. To a fixed weight of the polymer solution 
was added and dissolved, an accurate amount of timolol 
maleate (Huhtamaki OY Phannaceuticais. Turku, Finland) 
to make a 0.5% w/w concentration, 

EXAMPLE 17 CONTROL— Forming no part of this inven- 
tion 



Pcrcenmge by weight 



11010101 maleaie 
Poloxamcr 407 

Sodium alginate, high viscosity 
Sodium borate, decahydrate 
Boric acid 
Glycerin 
Sterile water 



0.50 
17,00 
1.50 
0.16 
1.00 
0.30 
81.27 



A medicated contact lens was prepared using a suitable glass 
container in which the sodium borate, boric acid and glyc- 
erin we re dissolved in sterile water. Sodium alginate was 
sprinkled in with stirring to form a uniform paste. The 25 
polymer was next mixed with this mixture at 65° C, for 1 
hour, and for a further 2-3 hours under cold conditions. To 
a fixed weight of the polymer-aiginate solution, was added 
and dissolved, an accurate amount of timolol maleate 
(Huhtamaki OY Pharmaceuticals, Turku, Finland) to make a 30 
0.5% w/w concentration. 



EXAMPLE 18 



Percentage by weight 



Timolol maleate 


OJO 


Sodium hyaluninate 


1,00 


Soditiro alginate, high viscosity 


1.00 


Sodium borate, decahydrate 


0.19 


Boric acid 


1.21 


Glycerin 


0.50 


Sterile water 


95.60 



35 
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A medicated contact lens was prepared using a suitable glass 45 
container in which the sodium borate, boric acid and glyc- 
erin were dissolved to make a solution in sterile water. 
Sodium alginate and sodium hyaluronate were sprinkled into 
this solution with continuous stirring to form a uniform 
paste. To a fixed weight of the hyaluronate- alginate mixture^ 50 
there was added and dissolved an amount of timolol maleate 
(Huhtamaki OY Pharmaceuticals, Turku, Finland ) lo make 
a 0.5% w/w concentration. 

An in-vitro evaluation of the contact lens of Examples 
16-18 was canicd out as follows: The medicated contact 55 
lens was prepared by accurately weighing a big drop of the 
formulation on a glass microscopic slide (2"xl Two drops 
of a 5% by weight calcium chloride counter-ion solution was 
next placed on the formula drop. After I minute, the excess 
calcium chloride was blotted away from the now formed 60 
corneal contact lens. 

The glass slide with contact lens in place was next placed 
at the bottom of the 1 liter dissolution vessel containing 500 
ml of purified water, maintained at 37° C. The dissolution 
experiment was carried out as per method 2 (paddle) of the 65 
United States Pharmacopoeia XXn, page 1579, The United 
States Phannacopoeial Convention, Mack Publishing Com- 



16 



pany, 1990. Paddle stirring rate was 50 revolutions per 
minute. 

At regular time intervals, aliquots were removed from the 
vessels for analysis by High Pressure Liquid Chromatogra- 
phy, Six vessels were used for each formulation (n=6). 



TIMOLOL MALEATE DELIVERY FROM CORNEAL 
LENSES n = 6 



10 



CUMULATIVE % OF 
TLMOLOL RELEASED (SD) 



TIME 



Example 16 



Example 17 



Example 18 



15 



20 



0 


00 


0.0 




0.0 




10 tnin 


100.0 










30 min 


100.0 










60 min 


100.0 


80.3 


(12.0) 


77.9 


(6,2) 


120 min 




900 


(3.8) 


93.9 


(2.2) 


240 min 




95.1 


(6.1) 


95.9 


(L3) 


360 min 




90.1 


(3.1) 


94.9 


(2.5) 


480 min 




95.7 


(3.3) 


97,5 


(2.9) 



It was observed that the drug is released in-vitro, by 
dififijsion and not by the erosion of the lens. Approximately 
80% of timolol maleate is released in 1 hour and the 
remaining amount gradually dififuses cut in 3 to 4 hours. The 
lenses remained intact 48 hours after the start of the experi- 
ment. On the other hand, when 0,9% sodium chloride was 
. used in place of purified water as the dissolution medium, 
the drug was released by both erosion and diffusion, within 
the first hour. The lenses arc first reduced in size and then 
dissolved away within 6 hours. This erosion is dependent on 
the replacement of calcium ions (in the lens) with sodium 
ions (from the dissolution medium). The break up in-vivo is 
expected to be slow and gradual and is dependent on the 
sodium concentration in the tear fluid. 

In the following examples there are described composi- 
tions having multiple uses. For instance, they may be used 
as vehicles for drug delivery by topical application or by 
injection or useful as a protective comeai shield or in a 
process for excimer laser keratectomy as a laser ablaiable 
comeai mask. 

The procedure for preparation and the polymeric materi- 
als utilized in the composition are those described in 
Example 1. The TRIS-hydrochloride buffer utilized in this 
composition was prepared utilizing the ingredients and 
proportions by weight indicated below. 



TRIS (tromethamine. USP) 
Concentrated hydrochloric acid 
Purified water, USP 



0,6058 
0,4123 
100 



The composition was found to have a pH of 7,4 and an 
osmolality in mOsm/kg of 83. The procedure for preparation 
of this buffer is as follows: The weighed amount of TRIS 
was placed in a 2-liter volumetric flask and about I liter of 
purified water was added to the flask. The concentrated 
hydrochloric acid was added and the solution was made up 
to volume by adding the remaining water in the formulation. 

The calcium based counter-ion solution utilized to gel the 
inventive drug delivery compositions of Examples 19-22 
was prepared utilizing the following proportions of ingre- 
dients in proportions by weight. 



Calcium chloride, dihydrote 
Calcium gluconate, anhydrous 
Purified water, USP 



1.2 
3.0 
100.0 



The composiuon had a pH of 6.88 and an osmolality in 
mOsm/kg of 299. The calcium based counter- ion solution 
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was prepared as follows: The calcium gluconate and calcium 
chloride in the required amount were placed in a 200 ml 
volumetric flask. Approximately 100 ml of water were 
added to partially dissolve the salts. The solution was. 
thereafter, warmed to 80* C. to facilitate disolution. The 
solution was cooled and the remaining water was added to 
make up to 200 ml volume. 

EXAMPLE 19 

A composition containing both sodium alginate and 
sodium hyaiuronate was prepared for use as a vehicle for 
drug delivery, a laser ablatable comeal mask, a protect ire 
corneal shield, or a composition for use in preventing 
post-surgical adhesions. The proportions by weight are as 
follows: 



Sodium hyaluroimte 
Sodium alginate 
Sodium chloiidc 
TRIS-hydrochloridc Bufifcr 



0.5 
1.0 
0.54 
97.96 



EXAMPLE 20 



Polyvinyl pyirolidone 
Sodium alginate 
Sodium chloride 
TRIS-hydrochloridc buflFer 



0.8 
l.O 
0.62 
97.58 



Sodium chondroitin sulfaie 
Sodium alginate 
Sodium chloride 
TRIS-hydrochloride buffer 



2.0 
1.0 
035 
96.65 
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The composition was found to have a pH of 7.6 and an 
osmolality of 297 mOsm/kg prior to treatment with calcium 
ions by the addition of the previously described calcium 
based counter-ion solution. After treatment with calcium ^ 
ions the osmolality was 302 mOsm/kg. 

The product was further characterized by measuring the 
average penetration in millimeters as determined using a 
precision penetrometer with a V4 size (9.38 grams, ASTM 
D-1043) cone and plunger. The penetration in millimeters 30 
prior to treatment of the composition of Example 19 with 
calcium ions was greater than 20 mm. After treatment with 
calcium ions the penetration was 4.77 mm. 



35 



A composition containing polyvinyl pyrrolidone and 
sodium alginate was prepared which is useful for the same 
applications as that formulation described in Example 19. 
The proportions in percent by weight of the ingredients of 
the composition are as follows: ^0 



45 



The composition had a pH of 7.59 and an osmolality in 
mOsm/kg prior to treatment with calcium ions of 320 and 
after treatment with calcium ions of 289. The penetration 
utilizing a precision penetrometer as further described in 50 
Example 19 was greater than 20 prior to treatment of the 
composition with calcium ions and 6,57 after treatment with 
calcium ions. 

EXAMPLE 21 55 

A composition useftil for the same uses as stated in 
Example 19 containing a combination of sodium alginate 
and chondroitin sulfate was prepared. 

The proportions of ingredients in percent by weight are as ^ 
follows: ^ 



65 
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The composition had a pH of 7.9 and an osmolality 
expressed in mOsmA:g of 301 prior to treatment with 
calcium ions and 272 after treatment with calcium ions. 

The penetration utilizing a precision penetrometer as 
ftirther described in Example 1 9 was found to be greater than 
20 mm prior to treatment with calcium counter-ions and 4.57 
upon treatment with calcium ions utilizing the calcium 
counter-ion solution prepared above. 



10 



EXAMPLE 22 

A composition useftil for the same uses as stated in 
Example 19 containing a combination of hydroxypropyi 
methyl cellulose, and sodium alginate was prepared. The 
proportions of ingredients and their percent by weight are as 
follows: 



20 



Hydroxypropyi methyl ccUulcse 
Sodium alginate 
Sodium chloride 
TRIS-hydrochloride buffer 



2.0 
1.0 
0.6 
96.4 



The composition had a pH of 7.59 and an osmolality 
expressed in mOsm/kg of 326 prior to treatment with 
calcium ions and 301 after treatment with calcium ions. 

While this invention has been described with reference to 
certain specific embodiments, it will be recognized by those 
skilled in the art that many variations are possible without 
departing from the scope and spirit of the invention, and it 
will be understood that it is intended to cover all changes and 
modifications of the invention, disclosed herein for the 
purposes of illustration, which do not constimte departures 
from the spirit and scope of the invention. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A process for forming a protective comeal shield or an 
ablatable comeal shield or mask in situ comprising admin- 
istering to the eye of a mammal an aqueous composition 
capable of being gelled in situ to produce an hyperosmotic, 
hypoosmotic, or isoosmotic aqueous gel having a controlled 
pH, said aqueous composition, including at least one film 
forming polymer; and gelling said film forming polymer in 
situ to form said protective comeal shield or ablatable 
comeal shield or mask. 

2. The process recited in claim 1, wherein said aqueous 
composition further includes at least one ionic polysaccha- 
ride. 

3. The process recited in claim 2, wherein said aqueous 
composition further includes a latent form of a counter-ion 
capable of gelling said ionic polysaccharide. 

4. The process of claim 1, wherein said film forming 
polymer is water soluble and is selected from the group 
consisting of the alkyl celluloses^ hydroxyalkyl methyl 
celluloses, hyaluronic acid, sodium chondroitin sulfate, 
polyacrylic acid, polyacrylamide, polycyanolacrylates, 
methyl methacrylate polymers, 2-hydroxyethyl methacry- 
late polymers, cyclodexlrin, polydextrose, dextran, gelatin^ 
polygalacturonic acid, polyvinyl alcohol, polyvinyl pyrroli- 
done, polyalkylene glycols, and polyethylene oxide. 

5. The process of claim 2, wherein said film fomiing 
polymer is water soluble and is selected from the group 
consisting of the alkyl celluloses, hydroxyalkyl methyl 
celluloses, hyaluronic acid, sodium chrondroitin sulfate, 
polyacrylic add, polyacrylamide, polycynaolacrylates, 
methyl methacrylate polymers. 2-hydroxyethyl methacry- 
late polymers, cyclodextrin, polydextrose. dextran. gelatin, 
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polygalaciuronic acid, polyvinyl alcohol, polyvinyl pyrrol i- 
done, polyalkylenc glycols, and polyethylene oxide. 

6. The process of claim 3, wherein said film forming 
polymer is water soluble and is selected from the group 
consisting of the alkyl celluloses, hydroxyalkyl methyl 5 
celluloses, hyaluronic acid, sodium chondroitin sulfate, 
polyacrylic acid, polyacrylamide, polycyanolacrylatcs, 
methyl mcthacrylate polymers, 2-hydroxyethyl methacry- 
late polymers, cyclodexirin, polydextrose, dexcran, gelatin, 
polygalacturonic add, polyvinyl alcohol, polyvinyl pyrroli- lo 
done, polyalkylenc glycols, and polyethylene oxide, 

7. The process of claim 1, wherein said film forming 
polymer is collagen. 

8. The process of claim 3, wherein said film forming 
polymer is collagen, 15 

9. The process of claim 1, wherein said aqueous compo- 
sition further contains a drug selected from the group 
consisdng of antibacterials, antihistamines, decongestants, 
anti-inflaramatorics, antiparasitics, miotics, anticholin- 
ergics, antivirals, local anesthetics, antifungals, amoebicid- 20 
als, trichomonocidals, analgesics, mydriatics, antiglaucoma 
drugs, carbonic anhydrase inhibitors, ophthalmic agents, 
ophthalmic agents used as adjuvants in surgery, chelating 
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20 

agents, antineoplastics, antihypertensives, and muscle relax- 
ants. 

10. The process of claim 2, wherein said aqueous com- 
position further contains a drug selected from the group 
consisting of antibacterials, antihistamines, decongestants, 
anti-infiammatories, antiparasitics, miotics, anticholinger- 
tics, antivirals, local anesthetics, antifungals, amoebicidals, 
trichomonocidals. analgesics, mydriatics, antiglaucoma 
drugs, carbonic anhydrase inhibitors, ophthalmic agents, 
ophthalmic agents used as adjuvants in surgery, chelating 
agents, antineoplastics, antihypertensives and muscle relax- 
ants. 

11. The process of claim 3, wherein said aqueous com- 
position further contains a drug selected from the group 
consisting of antibacterials, antihistamines decongestants, 
anti-infiammatories, antiparasitics, miotics, anticholingcr- 
tics, antivirals, local anesthetics, antifungals, amoebicidals, 
trichomonocidals, analgesics, mydriatics, antiglaucoma 
drugs, carbonic anhydrase inhibitors, ophthalmic agents, 
ophthalmic agents used as adjuvants in surgery, chelating 
agents, antineoplastics, antihypertensives and muscle relax- 
ants. 

***** 
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polygalacturonic acid, polyvinyl alcohol, polyvinyl pyrroli- 
done, polyalkylene glycols, and polyethylene oxide. 

6. The process of claim 3, wherein said film forming 
polymer is v^aier soluble and is selected from the group 
consisting of the alkyl celluloses, hydroxyalkyl methyl 
celluloses, hyaluronic acid, sodium chondroitin sulfate, 
polyacrylic acid, polyacrylamide, polycyanolacrylatcs, 
methyl mcihacrylate polymers, 2-hydroxy ethyl methacry- 
laie polymers, cyclodexlrin, polydextrose, dextran, gelatin, 
polygalacturonic acid, polyvinyl alcohol, polyvinyl pyrroli- 
done, polyalkylene glycols, and polyethylene oxide. 

7. The process of claim 1, wherein said film forming 
polymer is collagen. 

8. The process of claim 3, wherein said film forming 
polymer is collagen. 

9. The process of claim 1. wherein said aqueous compo- 
sition further contains a drug selected from the group 
consisting of antibacterials, antihistamines, decongestants, 
anti-inflammatorics, antiparasitics, miotics, anticholin- 
ergics, antivirals, local anesthetics, antifungals, amoebicid- 20 
als, trichomonocidals, analgesics, mydriatics, antiglaucoma 
drugs, carbonic anhydrase inhibitors, ophthalmic agents, 
ophthalmic agents used as adjuvants in surgery, chelating 



10 



15 



20 



agents, antineoplastics, antihypertensives, and muscle relax- 
ants. 

10. The process of claim 2. wherein said aqueous com- 
position fiinher contains a drug selected from the group 
consisting of antibacterials, antihistamines, decongestants, 
anti-infianmiatories, antiparasitics, miotics, aniicholinger- 
tics, antivirals, local anesthetics, antifungals, amoebicidals, 
trichomonocidals, analgesics, mydriatics, antiglaucoma 
drugs, carbonic anhydrase inhibitors, ophthalmic agents, 
ophthalmic agents used as adjuvants in surgery, chelating 
agents, antineoplastics, antihypertensives and muscle relax- 
ants. 

11. The process of claim 3, wherein said aqueous com- 
position further contains a drug selected from the group 
consisting of antibacterials, antihistamines decongestants, 
anti-inflammaiories, antiparasitics, miotics, aniicholinger- 
tics, antivirals, local anesthetics, antifungals, amoebicidals, 
trichomonocidals. analgesics, mydriatics, antiglaucoma 
drugs, carbonic anhydrase inhibitors, ophthalmic agents, 
ophthalmic agents used as adjuvants in surgery, chelating 
agents, antineoplastics, antihypertensives and muscle relax- 
ants. 
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HIGHLY BIOADHESIVE AND 
MUCOADHESIVE COMPOSITIONS 
CONTAINING POLYVINYL ALCOHOL, 
POLYCARBOPHILAND BIOPOLYMER FOR 
THE TREATMENT OF SKIN CONDITIONS 
AND AS VEHICLES FOR ACTIVE 
INGREDIENTS 

FIELD OF THE INVENTIGN 

The preseol invention relates to aqueous compositions 
containing mixtures of synthetic polymers and biopolymers, 
useful in the treatment of skin and mucosal tissues dryness, 
and suitable as vehicles of active ingredienLs. 

PRIOR ART DISCLOSURE 

Skin and mucosal tissues dryness and dehydration are 
very frequent conditions and may be caused by environ- 
mental factors, viruses, bacteria, or associated with etiologi- 
caliy different primary diseases. When affecting mucous 
membranes, said conditions are usually described as dryness 
of the buccal cavity (e.g. dry stomatopharyngitis in Sj 
ogrcn's syndrome), of the vaginal, nasal and intestinal 
mucous membranes, and dryness of the eye (e.g. keratitis 
sicca). 

Skin dryness and/or dehydration are not only important 
from an aesthetic point of view, but above all said conditions 
represent alterations of the cutis physiological function as a 
protective and defensive barrier. Furthermore, said dryness, 
which is per se a tissual damage causing lesions in the most 
serious cases, is also a hindrance to the absorption of 
possible products and/or drugs that can be administered in 
the treatment of the diseases affecting said tissues. 

The methods most commonly used in the restoration of 
adequate moisture levels and in the prevention of further 
dehydration of the tissues consist in the application of 
creams, lotions or gels, which are capable of supplementing 
the water content of the tissues with highly hydrophilic 
agents or capable of forming a hydrophobic impermeable 
barrier on the tissue to be treated. 

In the former case, it is well known in the state of the art 
the use of small synthetic hydrophilic molecules having 
humectant properties, such as glycerol, optionally mixed 
with water; it is also well known the use of macromolecules 
physiologically present in the tissues such as 
mucropolysaccharides, i.e. hyaluronic acid, dermatan sulfate 
and chondroitin sulfate, proteins such as collagen, elasiin 
and placental proteins, having good properties as moistur- 
izers and humcctants. 

As regards percutaneous absorption of active principles, it 
is to be stressed that the biological response to an active 
ingredient is often influenced by factors unrelated to the 
administered amount of the same principle. In panicular. this 
is typical of topical administrations designed for local effect 
"in situ" as well as of oral administrations designed for 
absorption by general routes, which is often incomplete or in 
any case variable. In fact it is known that the bioavailability 
of active principles may be limited by the residence and 
contact times with the surface where absorption has to occur, 
e.g. the gastrointestinal tract in the case of oral preparations. 

ITierefore, several research works have lately been ori- 
ented to the development of bio- and/or mucoadhesive 
matrixes capable of binding themselves both to the stratum 
corneum of the cutis and to the him covering the mucous 65 
membranes, in particular the nasal one of the upper respi- 
ratory tract, the buccal, rectal, vaginal and ophthalmic ones. 
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The term "bioadhesion" has traditionally been used to 
describe the aggregation of biological and non-biological 
materials, rather than the interaction between materials 
having both biological origin. When the mucous membrane 
5 is covered by mucus, it is necessary to introduce the concept 
of mucoadhesion, which means that it is the same layer of 
mucus that comes into close contact with the adhesive 
substance through a typical "interface" phenomenon involv- 
ing the interpenetration of the two phases. 
10 Therefore, the ^'efficiency" of a bioadhesive matrix is 
influenced by specific physical and thermodynamic 
parameters, which determine the adhesion strength, and in 
particular by: 

i) the "adhesive" molecular weight (e.g. the polyethylene 
^ glycol adhesiveness seems to increase with increasing the 

molecular weight, up to an optimal value of 4,000,000); 

ii) the molecular mobility, which favors diffusion, and a 
sufficiently high viscosity; 

20 iii) the ability to swell and form gels by osmosis with the 
substrate; 

iv) the presence of functional groups capable of forming 
hydrogen bonds, such as carboxyl, hydroxyl, amido and 
sulphate groups. 
^ However, the single parameters, though often related to 
the bioadhesive properties, are a necessary but not a sufiB- 
cient condition for an adequate bioadhesive behaviour. 

Among the substances having physicochemical properties 
predisposing to good bio adhesion and/or mucoadhesion, 
there are the aforesaid polysaccharides of biological deri- 
vation from mammalian tissues (hyaluronic acid, dermatan 
sulfate and chondroitin sulfate) as well as the polysaccha- 
rides of vegetable derivation, mostly from algae, such as 
alginic acid, gellan and other related mucropolysaccharides. 

Other polysaccharides and cellulose and derivatives 
thereof (alkyl and carboxyalkyl), chilosan and chitin. 

In addition to such polymers, synthetic polymers belong- 
ing to the families of polyethylene glycols, 
polyvinylpyrrolidone, polyvinyl alcohol and Carbopol are 
also to be mentioned. An examplary highly hydrophilic and 
highly bioadhesive polymer is Carbopol Ex-55®, denomi- 
nated Polycarbophil. 

The bioadhesive behaviour of some compounds may be 
45 studied by in vitro, in vivo and ex vivo specific methods 
allowing qualitative and quantitative determinations (H. E. 
Junginger, Pharm. Inc., 53, 11, 1056-1065, 1991). 

Measurements made by said methods showed that 
Polycarbophil, the polymer mentioned above, has excellent 
50 adhesion strength and mucoadhesive properties, which were 
evaluated to be higher than 200% referred to the properties 
of pectin, which reference value was assumed 100%, sodium 
alginate was found to have satisfactory adhesion strength 
and mucoadhesive properties, evaluated at 126% approx.; 
55 instead, the mucoadhesion strength of polyvinyl alcohol was 
found to be 94.8% (H. E, Junginger, ibid, 1991). 

The studies made in order to evaluate the ability of 
mucoadhesive polymers to act as vehicles of drugs and to 
release same at a controlled rate showed that some solutions 
60 containing Carbopol 934Cg> slow the ileocecal transit (D. 
Harris et ah, J. of Controlled Release, 12, 55-56, 1990), 
while Polycarbophil increases the intestinal absorption of 
peptidergic drugs (C. M. Lehret al.,./. Phar. Phannacoi, 44, 
402-407, 1992), polyvinyl alcohol increases the topical 
bioavailability of miconazole (M. F. Saetione et al., J. of 
Com rolled Release, 16, 197-202, 1991) and sodium hyalu- 
ronatc significantly increases the bioavailability of pilo- 
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caqjine (M. F. Saettone, Int. J, of Pharmaceutics, 11, 
131-139, 1991). 

SUMMARY OF THE INVENTION 

Ilie Applicant has found aqueous compositions contain- ^ 
ing mixtures of synthetic polymers and biopolymers al 
different percent ratios; said mixtures unexceptedly exhibit 
higher bioadhesive properties than those of the polymers 
that are now recognized to have said properties to an optimal 
degree, such as Polycarbophil. 

Said mixtures essentially consist of synthetic polymers, 
such as Polycarbophil and polyvinyl alcohol, associated 
with biopolymers, such as hyaluronic acid, alginic acid or 
dermatan sulfate, in the acidic form or in the form of salts 
thereof, in varying proportions. 

The viscous behaviour of said compositions is character- 
ized by particular physicochemical properties that substan- 
tially differentiate same from aqueous compositions con- 
taining only bioadhesive synthetic polymers; it follows that 20 
the topical application of the compositions of the invention 
is particularly advantageous. Said advantages arise from the 
bioadhesive and, in particular, the viscoelastic 
characteristics, as well as from the film-forming properties 
of said compositions, 25 

It is a further object of the present invention the use of said 
compositions in the rehydration of skin or mucous mem- 
branes and/or as vehicles of active principles by topical 
application on said tissues. 

It is a further object of the present invention to provide -^^ 
new compounds, i.e. dermatan sulfate and hyaluronic acid 
zinc salts, dermatan sulfate tetrabutylammonium salt, and 
mixed salts of dermatan sulfate or of hyaluronic acid with 
biotin and ethylenediamine, or with traumatic acid and 
ethylenediamine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Theological properties and viscoelastic behaviour of 
the compositions according to the present invention will be 
better understood by reference to the enclosed drawings, 
wherein: 

FIGS. \a to la illustrate the flow curves (rheograms) 
relating respectively to samples B, A, D, H, I, C and G; 

FIGS, Xb to lb illustrate the oscillatory measurements 
relating respectively to samples B, A, D, H, I, C and G. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The characteristics and advantages of the compositions 
according to the present invention will be belter illustrated 
in the following detailed description. 

The synthetic polymers used in the compositions of the 
present invention are selected from the group consisting of 55 
polyethylene glycols, polyvinylpyrrolidone, polyvinyl alco- 
hol and derivatives thereof, Carbopol and derivatives 
thereof; and preferably said synthetic polymers are polyvi- 
nyl alcohol or Polycarbophil, 

Polyvinyl alcohol is a polymer having formula ( — CH-. — 50 
CHOH — )„, prepared by alcoholysis of polyvinyl acetate. 

I^e polymer found in commerce is characterized by 
different degrees of acetylalion, which determine different 
physicochemical properties. Depending on the degree of 
polymerization, it may be soluble in aqueous solutions d5 
giving colloidal solutions, or in mixtures of water and 
alcohol. 
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This polymer is widely used in the industry of plastics and 
textiles as a non-ionic surfactant. In the pharmaceutical 
industry, it is amply used in the ophthalmic field to prepare 
useful solutions per sc, e.g. artifical tears, or as a vehicle of 
ophthalmic drugs. It is also used in dermatology and for the 
cosmetic treatment of the skin (Martindale, Extra 
Pharmacopeia, 29th Cd., Pharmaceutical Press, 1989). 

The other preferred synthetic polymer is Polycarbophil, a 
polyacrylic acid cross-linked with divinyl glycol (3,4- 
dihydroxy-l,5-hexadtene). The main characteristic of this 
polymer is a high water absorbing power; due to said 
physicochemical property, it is used in the form of calcium 
salt as a cathartic (Martindale, Extra Pharmacopeia, 29lh 
Ed., Pharmaceutical Press, 1989). The use of said polymer 
as moisturizer and humectant is disclosed in European 
patent application No. 0 429 156 Al and as a bioadhesive 
vehicle for the controlled release of active principles, in the 
pharmaceutical field, in U.S. Pat. No. 4,615,697. 

The biopolymers used can be obtained from mammalian 
tissues, such as hyaluronic acid, dermatan sulfate and chon- 
droitin sulfate, which play a key role in differentiation, 
growth and migration of cells, as well as in extracellular 
matrix organization; or they can be obtained from 
vegetables, such as alginic acid. Said polysaccharides are 
characterized by specific and distinctive functional groups, 
but they all show a high molecular weight and a marked 
hydrophilic power. 

In particular, alginic acid, a polyuronic acid extracted 
from algae and composed of mannuronic and L-guluronic 
acid residues, is amply used in the food industry as thickener 
and in the pharmaceutical industry as antiacid and, in the 
form of calcium salt, as haemostatic. Hyaluronic acid and 
dermatan sulfate, deriving on the opposite from animal 
tissues, are characterized the former by glucuronic acid and 
glucosamine, and the latter by iduronic acid and sulphate 
groups. 

Among the above mentioned biopolymers, hyaluronic 
acid has been particularly studied concerning both its bio- 
logical role and the pharmacological or cosmetic properties. 
Recent studies have shown that hyaluronic acid is the most 
specific ligand of CD44 receptor, a protein localized on cell 
surface. It is to be noted that CD44 is also able to bind, with 
a lower affinity, chondroitin-4-sulfate and chondroitin-6- 
sulfale (Aruffo et a I. "CD44 is the principal cell surface 
receptor for hyaluronate". Cell, 61: 1303-1313. 1990). To 
further specify such a functional interaction, it has been 
shown that CD44 receptor and hyaluronic acid are 
co-distributed in epithelia having similar functional 
program, i.e. keratinizing oral epithelium, hair follicle and 
nail cells (C. Wang et al. "Distribution of hylauronan and its 
CD44 receptor in the epithelia of human skin appendages", 
Histochemistry, 98: 105-112, 1992). According to these 
evidences, hyaluronic acid has found extensive pharmaceu- 
tical applications in the osteoarticular, ophthalmic and der- 
matologic fields and for the cosmetic treatment of the skin. 
Also its homologue chondroitin sulfate is widely used in the 
pharmaceutical field as an anti-hyperlipoproteinaemic agent 
in atherosclerosis and as artifical tears in the form of 
eyewash. 

High molecular weight dermatan sulfate is used because 
of its anticoagulant properties, analogous to those of hep- 
arin. However, said properties are not observed in the low 
molecular weight polymer (F. Dol et al.,y. Lab. Clin. Med., 
115, 1, 43-51, 1990). 

Moreover, it is noteworthy the fact that the presence in the 
bioadhesive and mucoadhesive compasitions of the inven- 
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tion of biopolymers able to bind, through a well defined 
epitope, to a specific receptor, such as hyaluronan and CD44, 
leads to a preferential distribution via receptor-binding of 
the biopolymers themselves, as well as the active principles 
optionally delivered. 

All the above biopolymers are usually used in the form of 
sodium salt; however, in the preparation of the aforesaid 
bioadhesive compositions, they can be used also in the form 
of other commonly available salts, such as salts of alkali or 
alkaline-earth metals and ammonic salts. 

Furthermore, said biopolymers can be used in the form of 
new sails, such as lithium and zinc salts, or mixed salts with 
a diaminic compound, such as ethylenediamine or 
piperazine, and a biocompatible compound having a car- 
boxylic group, such as biotin or traumatic acid, which form 
a further object of the present invention. More specifically, 
salification is carried out by bridging the carboxylic groups 
of the byopolimcr and of said biocompatible compound by 
means of a suitable organic compound carrying at least two 
aminic groups, such as for example ethylenediamine or 
piperazine, or carrying at least two quaternary ammonic 
substituents. Said mixed salts of biopolymers, according to 
the present invention, are preferably the salt with biotin and 
ethylenediamine, and the salt with traumatic acid and 
ethylenediamine, particularly suitable for supplying oligo- 
elements or vitamins to the tissue (skin or mucous 
membranes) treated with the compositions of the invention. 

The methods for the preparation of the above mentioned 
salts may vary depending on the polysaccharide nature and 
physico-chemical characteristics. In fact, some polysaccha- 
rides arc water-soluble both in the acidic and salified forms 
(Methods 1 and 2), while some others are poorly water- 
soluble in the acidic form and soluble in the form of salts 
(Methods 3 and 4). Finally, other polysaccharides are 
soluble in the acidic form and water- insoluble in the form of 
salts (Methods 5 and 6). 

We report hereinafter suitable methods of preparation of 
the aforesaid salts, corresponding to the above cases; some 
of the them are already known in the state of the art, while 
others, even if new, are easily deducible by the men skilled 
in the art. 

Said methods allow the obtainment of salts of mono and 
bivalent ions, as well as of higher- valence ions, which can 
salify the carboxylic groups of the polysaccharide; 
moreover, according to the reported preparation procedures, 
it is possible to obtain salts of the aforesaid biopolymers 
with primary, secondary or tertiary organic amines, or with 
quaternary ammonic compounds. 

Furthermore, said methods may be conveniently used to 
obtain the mixed salts of said biopolymers with diaminic 
compounds and biocompatible compounds having a car- 
boxylic group. 
Method I 

A quantity of salified polysaccharide in the most currently 
available form, generally the sodium salt, partially salified to 
obtain 1.0 equivalent of free anionic functional groups 
(carboxyls and/or sulphates), is solubilized in distilled water. 
The solution is clutcd in a column cooled to 4° C, contain- 
ing a slight excess of a cationic exchange resin such as 50x8 
Dowex®, generated in II* form. The sodium-free eluate is 
collected under continued stirring in a solution cooled to 4** 
C. and containing an equivalent amount of the counterion 
with which the polysaccharide is to be salified, properly 
prepared in the free base form. The obtained product may be 
collected by precipitation in a non-solvent or by drying 
processes operating under mild conditions, such as lyo- 
phiiization or spray-drying. 



Method II 

A quantity of salified polysaccharide in the most currently 
available form, generally the sodium salt, partially salified to 
obtain 1.0 equivalent of free anionic functional groups 
(carboxyls and/or sulphates), is solubilized in distilled water. 
The solution is dialyzed at 4** C. vs. an aqueous solution of 
a salt (MX) of the cation with which the polymer is to be 
salified until the dialyzate is sodium-free and then vs. 
distilled water to remove excess MX, if any. The obtained 
product may be collected by precipitation in a non-solvent or 
by drying processes operating under mild conditions, such 
as lyophilization or spray-drying. 
Method in 

A quantity of salified polysaccharide in the most currently 
35 available form, generally the sodium salt, partially salified to 
obtain 1.0 equivalent of free anionic functional groups 
(carboxyls and/or sulphates), is solubilized in distilled water. 
The solution is clutcd in a column cooled to 4*" C, contain- 
ing a slight excess of a cationic exchange resin such as 50x8 
20 Dowex®, generated in the ionic form of the counterion with 
which polymer is to be salified. The product contained in the 
eluate may be collected by precipitation in a non-solvent or 
by drying processes operating under mild conditions, such 
as lyophilization or spray-drying. 
25 Method IV 

A quantity of salified polysaccharide in the most currently 
available form, generally the sodium .salt, partially salified to 
obtain 1.0 equivalent of free anionic functional groups 
(carboxyls and/or sulphates), is solubilized in distilled water. 
30 The solution is slowly added with an equivalent amount of 
mineral acid, under continued stirring, at 4** C. The polysac- 
charide that precipitates in the acidic form is separated by 
filtration, washed and suspended again in distilled water at 
4** C. An equivalent amount of the counterion with which the 
35 polymer is to be salified, properly prepared in the free base 
form is added to the polymer suspension in the acidic form. 
The soluble salt obtained by salification may be collected by 
precipitation in a non-solvent or by drying processes oper- 
ating under mild conditions, such as lyophilization or spray- 
40 drying. 
Method V 

A quantity of polysaccharide partially salified with an 
alkaline earth metal (Ca"^ or Ba**) to obtain 1.0 equivalent 
of free anionic functional groups (carboxyls and/or 
45 sulphates), is solubilized in distilled water. The solution is 
added slowly and under continued stirring with an equiva- 
lent amount of a suitable salt of the counterion with which 
the polymer is to be salified, properly salified with an anion 
bringing about the formation of a precipitate with the 
50 alkaline earth metal; the formation of insoluble calcium or 
barium sulphate will be particularly convenient. The pre- 
cipitate is separated by filtration and discarded, while the 
product cc.ntained in the .solution may be collected by 
precipitation in a non-solvent or by drying processes oper- 
55 ating under mild conditions, such as lyophilization or spray- 
drving. 
Method VI 

A quantity of salified polysaccharide in the most currently 
available soluble form, generally the sodium salt, partially 
60 salified to obtain 1.0 equivalent of free anionic functional 
groups (carboxyls and/or sulphates), is solubilized in dis- 
tilled water. The solution is added slowly and under contin- 
ued stirring with an equivalent solution of a convenient salt 
of the cation with which the polymer is to be salified, 
65 preferably a halide, sulphate, nitrate or acetate of said cation, 
llie precipitate is separated by filtration, washed and dried 
under vacuum, while the solution is discarded. 
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We report hereinbelow for illustrative but noi limitative 
purposes the following examples describing the preparation 
of the new hyaluronic acid and dermatan sulfate salts of the 
present invention, according to the general methods 
described above. 

EXAMPLE 1 
Preparation of dermatan sulfate lithium salt 

Dermatan sulfate sodium salt (25.2 g), having an average 
molecular weight of 5,000 to 8,000 daltons, was solubilized 
in distilled water (200 ml). The solution was eluted in a 
column cooled to 4** C, containing the cationic exchange 
resin 50x8 Dowex® (120 ml), generated in Li* form. The 
sodium-free eluate was frozen and lyophilized to give 23.3 
g of product. 

'llie physicochemical properties of the dermatan sulfate 
lithium salt are as foUow.s: 



physical state 


whitish amorphous powder 




empirical formula 


C,,H,i,NO,^SU2 




molecular weight 


471.26 (disaccharide unit) 




elemenuii aQalysis 






theoretical ; 


C - 35.68%; H - 4.06%; N 


- 2.97%; 




O - 47.53%; S - 6.80%; 






U - 2.95% 




experimental: 


C - 35.55%; H - 4.10%; N 


- 2.92%; 




O - 47.70%; S - 6.68%; 






Li - 2.90% 




water solubility 


>10 mg/ml 





EXAMPLE 2 
Preparation of dermatan sulfate zinc salt 

Dermatan sulfate sodium salt (25.2 g), having an average 
molecular weight of 5,000 to 8,000 dallons, was solubilized 
in distilled water (200 ml). The solution was eluted in a 
column cooled to 4° C, containing the cationic exchange 
resin 50x8 Dowex® (120 ml), generated in Zn** form. The 
sodium-free eluate was frozen and lyophilized to give 26.05 
g of product. 

The physicochemical properties of the dermatan sulfate 
zinc salt are as follows: 



physical stale 


whitish amorphous powder 


empirical formula 


C,4Hi5,NOi4SZn 


molecular weight 


522,74 (disaccharide unit) 


elemental analvsis 


Iheoreticai: 


C - 32.17%; H - 3.66%; N - 2.6S%; 




O - 42.85%; S - 6.13%; 




Zn - 12.51% 


experimental: 


C - 3X05%; H - 3.72%; N - 2.63%; 




O - 42.92%; S - 6.15%; 




Zn - 12.4«% 


water solubility 


>10 mg/ml 



EXAMPLE 3 
Preparation of hyaluronic acid zinc salt 

Hyaluronic acid sodium salt (40.1 g), having an average 
molecular weight of 1,000,000 daltons, was solubilized in 
distilled water (8,000 ml). The solution was eluted in a 
column cooled to 4** C, containing the cationic exchange 
resin 50x8 Dowex® (120 ml), generated in Zn*"^ form. The 
sodium- free eluate was frozen and lyophilized to give 40.8 
g of product. 

ITie physicochemical properties of the hyaluronic acid 
zinc .salt are as follows: 



physical slate 


whitish amorphous powder 




empirical formula 






molecular weight 


411.0 (disaccharide unit) 




elemental analysis 






theoretical: 


C - 40.91%; H - 4.90%; N 


- 3.41%; 




O - 42.82%; Zn - 7.95% 




experimental: 


C - 40.80%; H - 4.97%; N 


- 3.38%; 




O - 43.00%; Zn - 7.81% 




water solubility 


>5 mg/ml 





EXAMPLE 4 

Preparation of dermatan sulfate mixed salt with biotin and 
ethylenediamine 

Dermatan sulfate sodium salt (50.3 g), having an average 
molecular weight of 5,000 to 8,000 daltons, was solubilized 
in distilled water (500 ml). The solution was eluted in a 
column cooled to 4* C, containing the cationic exchange 
resin 50x8 Dowex® (240 ml), generated in H* form. The 
20 sodium-free eluate was collected under continued stirring in 
a solution cooled to 4** C, containing biotin (48.8 g) and 
ethylenediamine (12.0 g). 'fhe resulting solution was frozen 
and lyophilized to give 106.2 g of product. 

'I'he physicochemical properties of the low molecular 
weight dermatan sulfate mixed salt with biotin and ethyl- 
enediamine are as follows: 



30 



35 



physical state 


whitish amorphous powder 


empirical formula 


C 33 H^pN y O 3 


molecular weight 


1068.19 (disaccharide unit) 


elemental analysis 


theoretical: 


C - 42.73%; H - 6.51%; N - 11.80%; 




O - 29.96%; S - 9.00% 


experimental: 


C - 42.65%; H - 6.60%; N - 11.64%; 




O - 29.74%; S - 6.25% 


biotin 


45.74% (w/w) 


water solubility 


>10 mg/ml 



EXAMPLE 5 

40 Preparation of dermatan sulfate mixed salt with traumatic 
acid and ethylenediamine 

Dermatan sulfate sodium salt (50.3 g), having an average 
molecular weight of 5,000 to 8,0(X) daltons, was solubilized 
in distilled water (500 ml). The solution was eluted in a 
column cooled to 4° C, containing the cationic exchange 
resin 50x8 Dowex® (240 ml), generated in form. The 
sodium-free eluate was collected under continued stirring in 
a solution cooled to 4° C, containing traumatic acid (22.8 g) 
and ethylenediamine (12.0 g). The resulting solution was 
frozen and lyophilized to give 80.3 g of product. 

50 The physicochemical properties of the low molecular 
weight dermatan sulfate mixed salt with traumatic acid and 
ethylenediamine are as follows: 



55 



physical state 


whitish amorphous powder 


empirical formula 


C^oHs.NsOiaS 


molecular weight 


807.86 (disaccharide unit) 


elemental analvsis 


theoretical 


C - 44.60%; H - 7.11%; N - 3.67%; 




O - 35.65%: S - 3.97% 


experimental: 


C - 44.65%; H - 7.16%; N - 8.54%; 




O - 35.72%: S - 3.91 


traumatic acid 


28.26% (w/wj 


water soluhility 


>10 mg,'ml 



ti5 EXAMPLE 6 

Preparation of hyaluronic acid mixed salt with biotin and 
ethylenediamine 
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Hyaluronic acid sodium salt (40.1 g), having an average 
molecular weight of 1,000,000 daltons, was solubilizcd in 
distilled water (8,000 ml). The solution was eluted in a 
column cooled to 4" C, containing the cationic exchange 
resin 50x8 Dowcx® (120 ml), generated in form. The 
sodium-free eluate was collected under continued stirring in 
a solution cooled to 4° C, containing bioiin (24.4 g) and 
cthylcncdiaminc (6.0 g). The resulting solution was frozen 
and lyophilized to give 67.9 g of product. 

The physicochemical properties of the high molecular 
weight hyaluronic acid mixed salt with biotin and ethylene- 
diamine are as follows: 



physical state 


whitish amorphous powder 




empirical formula 






molecular weight 


683.73 (disaccharide unit) 




elemental anaivsis 






theoretical: 


C - 45.67%; H - 6.63%; N 


- 10.24%; 




O - 32.67%; S - 4.69% 




experimcntai: 


C - 45.24%; H - 6.85%; N 


- 10.18%; 




O - 33.22%; S - 4.61% 




biotta 


35.73% (w/w) 




water solubility 


>10 mg/ml 





EXAMPLE 7 

Preparation of hyaluronic acid mixed salt with traumatic 
acid and ethylenediamine 

30 

Hyaluronic acid sodium salt (40.1 g), having an average 
molecular weight of 1,000,000 daltons, was solubilized in 
distilled water (8,000 ml). The solution was eluted in a 
column cooled to 4** C, containing the cationic exchange 
resin 50x8 Dowex® (120 ml), generated in H"^ form. TTie 35 
sodium- free eluate was collected under continued stirring in 
a solution cooled to 4** C, containing traumatic acid (11.4 g) 
and ethylenediamine (6.0 g). The resulting solution was 
frozen and lyophilized to give 67.9 g of product. 

The physicochemical properties of the high molecular 40 
weight hyaluronic acid mixed salt with traumatic acid and 
ethylenediamine are as follows: 



physical state 


whitish amorphous powder 




empirical formula 






molecular weight 


553.56 (disaccharide unit) 




elemental analysis 






theoretical: 


C - 47,74%; H - 7.10%; N - 


7.59%; 




O - 37.57% 




experimcntai: 


C - 47.34%; H - 7,13%; N - 


7.46%; 




O - 38.02% ■ 




traumatic acid 


20.62% (w/w) 




water solubility 


>10 mg/ml 





45 



50 



EXAMPLE 8 

Preparation of dcrmatan sulfate tctrabutylammonium salt 

Dermatan sulfate sodium salt (25.2 g), having an average 
molecular weight of 5,000 to 8,000 daltons, was solubilized 
in distilled water (200 ml). The solution was eluted in a 
column cooled to 4° C, containing the cationic exchange 
resin 50x8 Dowex® (120 ml), generated in the lelrabuty- 
lammonium form. The sodium -free eluate was frozen and 
lyophilized to give 47.0 g of product. 

'Ilie physictKhcmical properties of the dcrmatan sulfate 
letrabutylammonium .salt are as follows: 



physical slate 


whitish amoqshous powder 


empirical formula 




molecular weight 


944.33 (disaccharide unit) 


elemental analysis 




theoretical: 


C - 58.51%; H - 9.93%; - 4.45%; 




0 - 23.72%; S - 3.40% 


experimental: 


C - 58.23%; N - 10.01%; N - 4.51%; 




O - 23.78%; S - 3.47% 


water solubility 


>10 mg,'ml 



The bioadhesive and mucoadhesive compositions accord- 
ing to the present invention contain synthetic and biological 
polymers preferably at the following concentrations: poly- 
vinyl alcohol, at a concentration ranging from 0.1 to 4% by 
wt., Polycarbophil at a concentration ranging from 0.1 to 2% 
by wt., hyaluronic acid having an average molecular weight 
of 800,000 to 1,200,000 daltons or salts thereof at a con- 
centration ranging from 0.05% to 5% by wt., low and 
medium viscosity alginic acid or salts thereof at a concen- 
tration ranging from 0.5% to 5% by wt., dermatan sulfate 
having average molecular weight of 5,000 to 8,000 daltons 
and salts thereof at a concentration ranging from 0.05% to 
5% by wt. 

The bioadhesive and viscoelastic aqueous compositions 
of the invention may consist of binary, ternary or quaternary 
associations of said synthetic and biological polymers, 
depending on the requirements as well as on the desired 
degree of bioadhesion and/or physicochemical and rheologj- 
cal properties. 

Due to their physicochemical properties, such bioadhe- 
sive compositions adhere to mammalian skin and mucous 
membranes, moisturizing and protecting same from irrita- 
tive agents. Furthermore, they may usefully be employed in 
the administration of active principles: in fact, compared 
with non-bio adhesive matrixes, they improve bioavailability 
of active principles by prolonging the contact time with the 
skin or mucosa. In fact, bio- and mucoadhesive bases are 
active "in loco" for approx. 10-20 hours, i.e. for the period 
equivalent to the time of turnover of the strata cornea of the 
epidermis or of mucin. ITierefore, a prolonged contact time 
results in an improved absorption of the active principle. 

Furthermore, compared with the compositions known in 
the state of the art, the claimed compositions, which contain 
both biopolymcrs and synthetic polymers, oflfcr the advan- 
tage of a higher biocompatibility with the contacted tissues, 
when applied to the site where they have to exert their 
action. 

Therefore, the bioadhesive compositions according to the 
present invention are suitable for the prevention and treat- 
ment of conditions characterized by excessive skin and 
mucous membranes dryness (of the mouth, nose, upper 
respiratory tract, gastrointestinal tract, eye and vagina), even 
when induced by irritants and physiopathologic causes. 
Furthermore, being primarily capable of correcting the .skin 
and mucous membranes alterations caused by dehydration, 
the bioadhesive compositions of the invention also act as 
vehicles of active principles, whereby the active principles 
bioavailability is improved, the residence time **in situ" 
prolonged and/or the absorption improved. 

The bioadhesive compositions according to the present 
invention are prepared by a method consisting of sequential 
steps. It is described herein by way of example, for illus- 
trative but not limitative purposes, the preparation of a 
composition containing two synthetic polymers 
(Polycarbophil and polyvinyl alcohol), a biopolymer 
(hyaluronic acid) and triclhanolamine as salifying agenl of 
the polymers and as thickener. 
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EXAMPLE 9 
Preparation of the compositions of the invenlion 

1) A planetary turboemulsifier of stainless steel provided 
with paddles countcrrotating at variable speed and with 
heating/cooling jacket was fed, under constant agitation, in 5 
the order with demineralized water (50% by wt. of the total) 
and Polycarbophil. The turboemulsifier was worked under 
vacuum at -76 mmHg, for at least 15 min. 

Once turboemulsifying had been completed, the mass was 
maintained under stirring at high shear rates until perfect lo 
homogenization. 

2) At the same time, a melter of stainless steel, equipped 
with heating jacket and countcrrotating paddles, was fed in 
the order with demineralized water (35.55% by wt. of the 
total) and polyvinyl alcohol. The melter was heated lo 85±2° is 
C. At that temperature, the mass was maintained under 
mixing until a perfectly clear solution was obtained. 

3) Once the two aforesaid steps had been completed, the 
mass contained in the melter was added slowly, under 
continuous stirring and in a thin stream, to the mass con- 20 
tained in the planetary turboemulsifier, whose inside was 
maintained under constant vacuum. The resulting mass was 
maintained under continuous stirring until a completely 
homogeneous phase was obtained. The resulting mass was 
cooled under vacuum to 30^:2° C. At that temperature, the 25 
mass was maintained under stirring and in vacuo. 

4) Solution A was separately prepared in a suitable vessel 
of stainless steel, provided with agitator, by addition in the 
order of demineralized water (10% by wt. of total) and of a 
biopolymer, e.g. hyaluronic acid. Agitation was continued 30 
until a viscous, perfectly homogoneous and clear solution 
was obtained. 

5) Solution A was added slowly and in a thin stream to the 
mass contained in the turboemulsifier, under continuous 
stirring and under constant vacuum at -76 mmHg. Agitation 35 
was continued until a perfectly homogeneous mass was 
obtained. 

A gel of the desired density may be obtained by adding for 
example triethanolamine and operating according to the 
following steps, subsequent to step 5); 40 

6) Solution B consisting of demineralized water (1% by 
wi. of the total) and triethanolamine was prepared instantly 
in a suitable vessel of stainless steel. 

7) Solution B was added under continuous stirring to the 
mass contained in the turboemulsifier. Agitation was con- 45 
tinued until complete carbomers swelling and a perfectly 
homogeneous gel were obtained. Once the mass had gelled 
completely, mixing was stopped and the pressure inside the 
turboemulsifier was slowly restored. The gelled mass was 
then discharged into containers of stainless steel. 50 

For illustrative but not limitative purposes, the physico- 
chemical properties of the compositions according to the 
present invenlion, obtained by the aforesaid method, are 
herein reported in Table 1. Concentrations are by weight; 
balance to 100 is water 55 

TABLE 1 

PhysiQchcmical properties of bioadhcsivc formulations 
Bioadhcsivc cnmp. Cone. % pH Viacasiiy Dcn.siiy Rcf. 
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TABLE 1-continued 



Physiochemical properties of bioadhesive formulations 



Polycarbophil 
Poly\ inyl alcohol 
Hyaluronic acid 
Polycarbophil 
Poly\'inyl alcohol 
Hyaluronic acid 



1.00 
1.50 
0.15 
0.20 
0.30 
0.15 



5.2 1 0.5 3,100 1.0050 



5.3 « 0.5 



1.0020 D 



Bioadhcsivc comp. 


Cone. % 


pH 


\%cosiiy 


Density 


Rcf. 


Polycarbophil 


1.00 


6.8 ± 0.5 


2,700 


1.0100 


E 


Polyvinyl alcohol 


1.50 










Sodium Alginate 


1.00 










Polycarbophil 


1. 00 


6.5 ± 0.5 


6,000 


J. 0200 


F 


Polyvinyl alcohol 


1.50 










Sodium AlginaLc 


2.00 










Polycarbophil 


1.00 


6.6 ± 0.5 


10.000 


1.0250 


G 


Polyvinyl alcohol 


1.50 










Sodium Alginate 


3.00 










Polycarbophil 


0.20 


5.2 * 0.5 


400 


1.0050 


H 


Polyvinyl alcohol 


1.50 










Hyaluronic acid 


0.30 










Polycarbophil 


0.20 


5.2 * 0-5 


50 


1.0050 


r 


Polyvinyl alcohol 


1.50 










Derma tan sulfate 


0.15 











Viscosity, expressed as centipoises (cp) at 20'' C, was measured with a 
viscometer CONTRAVES ® TVB. 

Density (relative 20/20"' C.) vras measured with a picnometer for semifluids 
vs. the deiwity of water. 



Measurement of bioadhesive properties 

In order to check the bioadhesive properties, the adhesion 
strength of the aforesaid compositions (marked C to I) was 
evaluated in comparison with mucin, Carbopol 940® and 
the bioadhesive polymer Polycarbophil at a concentration of 
1% by wt. (composition A) and of 0,20% by wt. 
(composition B) in water, i.e. at the concentrations at which 
said polymer exhibited the best mucoadhesive properties 
(Junginger, op. cit., 1991). 

In particular, the adhesion work, i.e. the force of adhesion 
(separation) by elongation of the mucin surfaces, was mea- 
sured. The tests were carried out according to the methods 
described in literature (Saettone et al., Int.J.Pharm., 51, 
203-212, 1989), in the absence of dipping solution. 

The formulation under examination (75 /il) was stratified 
on the upper support provided with a centrally pierced ring 
nut hmiting the surface (inside diameter of 1.20 cm). The 
measurement (platform fall rate 2.50 mm/rain) was made 
after 1 min of contact between the surfaces. 

The data obtained by recording the force (F) required for 
separating the two surfaces (formulation and mucous layer), 
as a function of the elongation (1) of same, were processed 
by a computer. The area under the curve obtained (AUC), 
representing the adhesion work (L) (F,l), was thus calcu- 
lated. 



65 



Table 2 shows ihe values and the average values ±S.E. 
(expressed as crg/'cm2) of the AUCs of the compositions 
under investigation as well as the average values of a 
reference formulaiion (polyacrylic acid [Carbopol 940®]. 
2.5% neutralized gel) and of mucin (swine gastric mucin 
[Tokyo Kasei Kogyo, Japan], 25.0% dispersion). 
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TABLE 2 



comp. 



AUC values of bioadhestve matrices. 



D 



E 



C940 



457.08 
361.15 
375.47 
374.60 

441.45 



381.11 608.13 
339.88 601.62 



438.41 
411.06 462.72 



398.91 
485.29 
539.98 499.18 



497,01 
637.65 
760.06 



803.46 742.69 474.00 524.36 
666.30 861.40 554.74 483.99 



579.92, 923.26 619.85 



408.89 539.93 576.44 793.04 520.45 



460.11 405.85 553.00 



827.55 574.27 



402.82 
489.19 



993.58 428.86 380.68 



average 401.95 392.61 534.51 439.62 597.54 656.53 856.92 
S.E. 19.64 21.12 32.13 21.65 46.60 53.20 37.00 



528.69 
28.34 



456.21 
27.44 



304.23 
26.63 



1 18.20 
9.00 



The experimental results prove that Polycarbophil has 
excellent bio adhesiveness and adhesion strength and that 
there is no significant difference between the bioadhesive 
properties of Polycarbophil at a concentration of X% by wt. 
(A) and at a concentration of 0,2% by wt. (B). The mucoad- 
hcsion strength of all tested formulations (C to I) is much 
higher than that of mucin and of C940®, and even of 
Polycarbophil (A and B), which suggests that the association 
of biopolymers at different concentrations can improve the 
adhesion strength and therefore mucoadhesive properties. 
Measurements of Theological properties 

In order to check whether said compositions, besides 
exhibiting improved bioadhesive properties, also had sig- 
nificant theological properties, viscosity measurements, 
flow curves and oscillatory measurements were carried out 
to evaluate the viscoelastic behaviour. 
Viscosity measurements and flow curves 

The samples (A,B,C,D,G,H, and 1) were analyzed with a 
viscometer HAAKE® RSlOO, with jfiat-cone measurement 
systems C35/4° at 23° C, and compared within the same 
range of applied stress (0-50 Pa). Flow curves (rhcograms) 
were recorded (FIGS, la to 7a): the conical rotor was 
subjected to a shear rate and, at the same time, stress x and 
viscosity r\ were recorded. Table 3 shows the viscosity 
values obtained at a constant shear rate y. A shear rate of 50 
sec"^ was chosen for low viscosity samples and a shear rate 
of 0.5 sec"^ for high viscosity samples. 



Sample B (0.2% Polycarbophil) was found to be a "stiff 

20 gel", the elastic modulus (G')A'iscous modulus (G") ratio 
being high. The values of said elastic modulus (G') and 
viscous modulus (G") arc constant and parallel with varying 
rotor angular speed, which further indicates a "stiff gel" 
structure. A probable creep limit is observed (FIG. lb). 

2^ Sample A {1% Polycarbophil) shows an analogous 
behaviour, but the non-linear, i.e. slightly curvilinear, trend 
of the 6-Cor angle (displacement angle between vectors G' 
and G") with varying rotor angular speed indicates a lower 
stability of the gel, while probable fracture effects appear in 
its structure (FIG. 2b). 

■^^ That is the intrinsic behaviour of Polycarbophil; instead, 
when it is mixed with other polymers, the gel is dcstruc- 
tured: the creep limit value decreases until disappearing 
when passing from B (FIG. Ifc) to D (FIG. 3b). Among the 
investigated compositions containing 0.2% Polycarbophil, 

35 sample H exhibits the highest viscosity. Furthermore, its 
viscoelastic behaviour is particularly interesting, since the 
clastic modulus increases more markedly than the viscous 
modulus, which indicates that sample H tends to change 
from stiff gel to viscous polymer. Said behaviour seems to 

40 be due to the presence of hyaluronic acid and to result from 
the average molecular weight and from the molecular weight 
distribution of the polymers in solution (RG. 4b). 

Sample I, which is characterized by the presence of low 
molecular weight demiatan sulfate, has lower viscosity than 
sample H, associated with the lower average molecular 



TABLE 3 



Comp. Rcf. 


A 


viscosity Ti of bioadhesive matrices 
B C D E F 


G 


M I 


n/50 




n.soo 0.400 




0.550 0.220 


(Pa • s) 










n/0.5 s-^ 


100 


100 — — 


73 




(Pa ■ s) 











\'i.scosity r\ was measured in Pa.scal..scc (Pa • s). 



Oscillatory measurements 

The samples (A,B,C,D,G,H, and I) were analyzed with a 
viscometer HA/VKJB® RSlOO, with llal-cone measurement 
system C35/4° at 23° C, with oscillation frequency varying 
from 0.0464 to 4.64 Hz and an appUed stress of 0.50 Pa tor 
samples B, D, H and 1 and of 4.00 Pa for samples A, C and 
G. 

The oscillatory measurements, made to distinguish the 
"viscous" from the "clastic'* character of the formulations, 
gave the results shown in FIG. lb to lb. 



weight of the polysaccharide. In any case, said sample 
exhibits an interesting behaviour, analogous to that of ncw- 
tonian liquids, the trend of the stress x/shear rate y ratio 
being almost linear (FIGS. 5a, b). 

Sample C, compared with sample A, appears as a polymer 
solution rather than a stiff' gel, which indicates that the 
physicochemical properties of the polysaccharide hyalu- 
ronic acid prevail over those of Polycarbophil (FIG. 6b), 
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Sample G is substantially a very viscous polymer solu- 
tion. The curve representing the viscous modulus intersects 
the curve representing the elastic modulus at high angular 
speed values, which suggest the presence of a high average 
molecular weight polymer and a good molecular weight 5 
distribution (RG. 7£>). 

It may be noted that the association of synthetic polymers, 
such as Polycarbophil and polyvinyl alcohol, with 
biopolymers, such as alginic acid, hyaluronic acid and 
dermatan sulfate, yields compositions with a marked bioad- lO 
hesive behaviour and with the viscous character prevailing 
over the elastic one. This is an undoubted advantage, the 
"adhesiveness'* being a property more closely related to the 
viscous modulus than to the elastic one and being the basis 
of the film-forming ability of said compositions. is 

In fact, if the "still gel*' type Theological behaviour of 
Polycarbophil is modified by adding the aforesaid compo- 
sitions with a viscous component, said compositions show 
not only improved adhesive properties but above all an 
improved film-forming ability. Thanks to their improved 20 
bioadhesiveness and viscosity, the compositions of the 
invention can provide stable film on the tissue to be treated, 
securing a better contact surface between the compositions 
and the same tissue and, consequently, a more adequate 
protection and/or moisturizing. 25 

According lo the aforesaid experimental results, the com- 
positions of the invention have higher bioadhesive and, in 
particular, mucoadhesive properties than Polycarbophil, 
which is to date regarded as the molecule with the best 
bioadhesive properties, utilized in various formulations suit- 30 
able for moistiu-izing mucous membranes and for releasing 
drugs at a controlled rate after oral or topical administration. 

The bioadhesive compositions of the invention, formu- 
lated as hydrogels and/or viscous solutions with varying 
rheological consistency (from semisolid to apparently 35 
liquid) depending on the intended applications, are therefore 
meant to treat pathological conditions or even less severe 
alterations associated with the so-called paraphysiological 
situations in the following districts: 

Cutaneous: 40 

a) due to their moisturizing properties, useful in dryness/ 
dehydration conditions caused by environmental factors or 
deriving from particular pharmacological treatments (e.g. 
keratolytic) or secondary to other diseases, e.g. eczema and 
dermatitis, or in situations for which tissue moisturizing is 45 
very important, e.g. decubitus ulcers: 

b) due to their bioadhesive properties, in association with 
antimycotics, steroid and non-steroid anti-inflammatory 
agents or antibacterial agents for treating mycosis, bums and 
ulcers of different nature. 50 
Ophthalmic: 

a) as moisturize rs/humectants in the treatment of disor- 
ders such as keratitis sicca or neuroparalytica, or of diseases 
simply caused by atmospheric factors or by foreign bodies 
fitting over the cornea, such as contact lenses; 55 

b) as mucoadhesive matrix capable of increasing the 
contact time of specific drugs contained therein, necessary 
for the pathology under treatment. 

The intraocular concentration of a drug is partly deter- 
mined by the rate of its elimination from the conjunctival 60 
and episcleral circle. In fact, the typical vasodilatation of the 
eye involves a faster outflow of the active principle admin- 
istered: ii is, therefore, very important to prolong the contact 
lime between the drug and the corneal epithelium. In 
particular, said dru^is may be for example anu-inflammatory 65 
agents, anti-histamines for treating external eye diseases of 
allergic origin, antimycotics for treating keratites, specific 
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antibiotics for treating viral infections, or antiglaucomatous 

or vasoactive agents. 

Buccal: 

a) in the form of mouthwash or gel, due to their mois- 
turizing characteristics for treating xerostomia, both caused 
by irradiating treatments and associated with Sjogren's 
syndrome, senility or administration of drugs, such as tri- 
cyclic antidepressants; 

b) in the form of a specific mouthwash, gel or paste, 
associated with oral cavity disinfectants for daily hygiene, 
for treating infections, or associated with antimycotics/ 
antibiotics and anti-inflammatory agents for treating dis- 
eases such as for example candidiasis, rauguci, 
stomatomucosiiis, paradontopathy, dental plaque and dismi- 
crobism. 

Tracheobronchial; 

a) in the form of vaporization, due to their moisturizing 
and humectant characteristics, for treating dryness; 

b) associated with antibiotics/antibacterial agents and/or 
anti-inflammatory agents for treating the inflammation of the 
upper respiratory tract. 

Vaginal: 

a) in the form of gynaecologic wash, due to their humec- 
tant characteristics, for treating vaginites of various nature, 
accompanied by mucosal dryness; 

b) as a matrix capable of releasing drugs at a controlled 
rate, in particular in association with specific antimycotics, 
antibacterial or anti-inflammatory agents. 
Gastroenteric and rectal: 

a) due to their mucoadhesive and film-forming properties, 
for treating diarrhoea and consequent dehydration, and due 
to their ability to gel when coming into contact with water; 

b) as a drug-delivery system, associated with drugs that 
would be insufliciently or variably absorbed by other admin- 
istration routes or requiring a hepatic by-pass. 

We report hereinbelow for illustrative but not limitative 
purposes the following examples of the pharmaceutical 
compositions according to the present invention, useful per 
sc for the treatment of dryness conditions in the aforesaid 
districts. 



EXAMPLE 10 

Ophthalmic fluid gcl (by wt. % composition) 



Polyvinyl alcohol 1.50 

Polycarbophil 0.20 

Hyaluronic acid 0.15 

Thimcrosal 0.01 

Sodium chloride 0.65 

Disodium hydrogen phosphaU:.l2 H,0 0.30 

Sodium dihydrogen phosphate. 2 H,6 0,03 

Demineralizcd water q.s. lo 100 
EXAMPLE 11 

Eyewash (by wt. % composition) 

Polyvinyl alcohol 0.15 

Polycarbophil 0.20 

Hyaluronic acid 0.15 

Thimcrosal O.Ol 

Sodium chloride 0.65 

Disodium hydrogen phosphate. 12 tl^O 0.30 

Sodium dihydrogcn phosphatc.2 H^O 0.03 

Demineralizcd water q.s. to 100 
EXAMPLE 12 

Eyewash (by wi. compositioo) 

Polycarbophil 0.20 

Dermatan sulfate 0.30 

Thimcrosal O.Ol 

Sodium chloride 0.65 

Disodium hydrogen phosphate. 3 2 H,0 0.30 
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-continued 






1 $i 

AO 

-continued 




Sodium dihydrogen phosphalc,2 H^O 


0.03 




2-Phcnylphenol 


0.30 


Demuicralized water 


q.s. lo 100 




Methyl p-hydroxybenzoate 


0.10 


EXAMPLE 13 






Ethyl p-hydroxybenzoate 


0.10 






5 


Eumulgin HRE 40® 


1.00 


Gynaecologic gel (by wt. % composition) 






Hydroxyethylcellulosc 


0.50 


Polyvinyl alcohol 


1.50 




Lactic acid (80%) 


2.00 


Tricthanotaminc 


1-50 




Tricthanolamine 


2.30 


Polycarbophil 


1.00 




Polycarbophil 


0.20 


Sodium alginate 


1.00 




Polyvinyl alcohol 


0.30 


Methyl p-hydroxybenzoatc 


0.10 


10 


Hyaluronic acid 


0.15 


2-Phenylethanol 


0.10 




Vitamin A Pa Imitate 2,000 IL'/g 


0.20 


Ethyl p-hydroxybcnzoatc 


0.10 




Hyaluronic acid salt (Ex. 3) 


0.20 


De mineralized water 


q.s. to 100 




Dcniineialized water 


q.s. to 100 


EXAMPLE 14 






EXAMPLE 19 




Dermatologic gel (by wt. % composition) 




J J 


Dermatologic gel (by wt. % composition) 




Polyvinyl alcohol 


L50 


2-Phenylphenoi 


0.30 


Trie thano la mine 


1.50 




Methyl p-hydroxybenzoate 


0.10 


Polycarbophil 


1.00 




Ethyl p-hydroxybenzoate 


0.20 


Sodium alginate 


2.00 




Eumulgin HRE 40® 


1.00 


Methyl p-hydroxybenzoate 


0.10 




Polycarbophil 


1.00 


2-Phenyleihanol 


0.10 




Polyvinyl alcohol 


1.50 


Ethyl p- hydroxy be ozoate 


0.10 


20 


Dermatan sulfate 


0.15 


Demineralized water 


q.s. to 100 




Vitamin A Pa Imitate 2,000 ILVg 


0.20 


EXAMPLE 15 






Quercetin 


0.01 








Dermatan sulfate salt (Ex. 4) 


0.06 


Dental gel (by wt. % composition) 






Tricthanolamine 


0.25 


Polyvinyl alcohol 


1.50 




Chondriotin 6-sulfate 


0.20 


Tricthanolamine 


1.50 


25 


Demineralized water 


q.s. to 100 


Polycarbophil 


1.00 




EXAMPLE 20 


Sodium alginate 


3.00 








Methyl p-hydroxybcnzoatc 


0.10 




Gynaecologic gel (by wt. % composition) 




2-Phcnylcthanol 


0.10 




Glycerin 


10,00 


Ethyl p-hydroxybenzoate 


0.10 




Eumulgin HRE 40 ® 


2,00 


Demineralized water 


q.s. to 100 


30 


Polycarbophil 


1.00 








Hyaluronic acid 


0.30 








Tricthanolamine 


0.25 



The compositions of the present invention may also be 
used as vehicles of active principles iLseCul for the treatment 
of cutis and mucous membranes diseases. We report here- 
inbelow for illustrative but not limitative purposes the 
following examples. 

EXAMPLE 16 

Gynaecologic gel (by wt. % composition) 

2-Phcnylphcnol 0.30 

Methyl p-hydroxybenzoatc 0.10 

Ethyl p-hydroxybenzoate 0.10 

-Eumulgin HRE 40 ® 1.00 

Tricthanolamine 0.20 

Polycarbophil 1.00 

Pol>'vinyl alcohol 1.50 

Hyaluronic acid 0.10 

Vitamin A Palmiiaie 2,000 lU/g 0.20 

Hyaluronic acid salt (Ex. 7) - 0.06 

Chondroiiin 6-sulfaic 0.20 

Demineralized water q.s. to 100 
"Eumulgin HRE 40® r polyoxyethvlenated caster oil 
EXAMPLE 17 

Dermatologic gel (by wt. 'Tfc composition) 

2-Phenylphcnol 0.30 

Methyl p-hydroxybenzoatc 0.10 

Ethyl p-hydroxybcDZoatc 0.10 

Eumulgin I ire' 40® 1. 00 

Tricthanolamine 0.275 

Polycarbophil 1.00 

Polyvinyl alcohol 1.00 

Hyaluronic acid 0.15 

Vitamin A Palmitate 2,000 lU/g 0.20 

Hyaluronic acid salt (Ex. 6) 0.06 

Dodeccnedioic acid 0.05 

Demineralized water q.s. to 100 
EXA.MPLE 13 



45 



55 



60 



Vitamin A Palmitate 2,000 lU/g 
Methyl p-hydroxybenzoate 
Ethyl p-hydroxybenzoate 
2-Phcnylcthanol 
Methyl Parabcn 

Dodeccnedioic acid, cetrimide salt 
N-(2-hydrox>'cthyl)-hexadccanamide 
Demineralized water 
EXAMPLE 21 

Eyewash (by wt. % composition) 
Polycarbophil 

Dermatan sulfate salt (Ex. 5) 

Thimerosal 

Sodium chloride 

Disodium hydrogen phosphate. 12 H^O 
Sodium hydrogen phosphate. 2 H^O 
Demineralized water 
EXAMPLE 22 

Dental gel (by wt. % composition) 
Polyvinyl alcohol 
Tricthanolamine 
Polycarbophil 

Dermatan sulfate salt (Ex. 8) 

Methyl p-hydroxybenzoatc 

2-Phcnylcthanol 

Ethyl p-hydroxybcnzoatc 

Demineralized water 

EXAMPLE 23 

Dermatologic gel (by wt. % composition) 

Polyvinyl alcohol 

Tricthanolamine 

Polycarbophil 

Dcrmataji sulfate (Ex. 2) 

Methyl p-hydroxybenzoate 

2-Phenylcthano! 

Ethyl p-hydroxybenzoate 

Demineralized water 

EXAMPLE 24 



0,20 
0.10 
0.10 
0.15 
0.10 
0.05 
O.OI 
q.s. to 100 



0.20 
0.30 
0.01 
0.65 
0.30 
0.03 
q.s, to 100 



1.50 
1.50 
1.00 
3.00 
0.10 
0.10 
0.10 
q.s. to 100 



1.50 
1.50 
1.00 
2.00 
0.10 
0.10 
0.10 
q.s. to 100 



Gynaecologic solution (by wt. ^ composition) 



Gynaecologic gel (by wt. % composition) 
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-continued 



20 



Polyvinyl alcohol 


0.20 


Polycarbophii 


1.00 


Hyaluronic acid 


0.10 


N,N'-bis-(2-hydroxyethyi)-nonandiamide 


0.20 


Glycerin 


10.00 


Propylene glycol 


1.00 


Hydrogcnatcd castor oil (40)0 E" 


1.00 


Tocophcryl acetate 


0.50 


Phcnylethyl alcohol 


0.15 


Methyl p-hydroxybcnzoatc 


0.10 


Qucrcitin 


0.01 


Sodium hydroxide (30% by wt. solution) 


0.20 


Deniineralized water 


q.s. to 100 



'Hydrogcnatcd castor oil (40)OE is polyoxyethylenated with 40 moles 
ethylene oxidc/niole. 

EXAMPLE 25 

Dental gel (by wi. % composition) 

Polyvinyl alcohol 1.50 

Polycarbophii 1.00 

Sodium alginate 3.00 

N,N'-bis-(2-hydroxyethyl)-nonandiamide 0.20 

Trie thano la mine 1.50 

Methyl p-hydroxybcnzoatc 0.10 

2-Phenylcthanol O.lO 

Ethyl p-hydroxybenzoate 0.10 

Demineralizcd water q.s. to 100 
EXAMPLE 26 



Dental gel (by wt. % composition) 
Polyvinyl alcohol 
Polycarbophii 
Hyaluronic acid 

N,N'-bis-(2-hydroxycthyl)-nonandiamidc 
Trans-2-dodecendioic acid 
Xylitol 

Carboxymcthylcellulosc sodium salt 
Hydrogcnatcd castor oit (40)OE* 
2,4-DichlorobcnzyUc alcohol 
Cytromint 
Colour CI 42090 
Colour Cr 19140 
Dcmincralizcd water 
•Hydrogcnatcd castor oil (40)OE is polyoxyethylenated with 40 moles 
ethylene oxide/mole. 



0.200 
0.200 
0.050 
1.000 
0.005 
7.500 
4.500 
0.500 
0.150 
0.150 
0.025 
0.015 
q.s. to 100 
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EXAMPLE 27 




Dental mouthwash (by wt. % composition) 




Polycarbophii 


0.100 


Hyaluronic acid 


0.0500 


PTC* 


57.1429 


N,N'-bis-(2-hydroxycthyl)-nonandiamidc 


0.0100 


Trans -2-dodeccndioic acid 


0.005 


Xylitol 


7.5000 


Polysorbatc 20 


1.0000 


2,4-DichIorobcDzytic alcohol 


0.1500 


Cytromint 


0.1000 


Colour CI 42090 


0,1000 


Dcmincralizcd water 


q.s. to 100 



45 



•PTC (Polyphenolic Tea Complex) indicates an aqueous extmct coniaining 
0.15-0.4% by weight of D(*)-catcchin, obuiined by treating 1 kg oC green tea 
(leaves) in dcmincralizcd water (20-30 1), at a temperature of 60-80'* C, for 
a period of 10-30 minutes. 



EXAMPLE 28 




Dental spray (by wt. % composition) 




Polyvinyl alcohol 


0.200 


Hyaluronic acid 


0.050 


N,N'-bis-(2-hydroxyethyl)-nonandiamide 


1.000 


Trans-2-dodcccndioic acid 


0.005 


Xylitol 


7.500 


Hydrogenaied castor oil (40)OE* 


0.500 


Cyirimint 


0.180 


2.'l-Dicholorobeni:yIic alcohol 


0.150 


Demineralized wa[er 


q.s. to 100 



55 



•Hydrogcnatcd castor oil (40)0 E is polyoxyethylenated with 40 moles 
ethylene oxide/mole. 



We claim: 

1. A highly bioadhesive and raucoadhesive aqueous com- 
position useful in the rehydration of the skin and mucosal 
tissues and/or as a vehicle for active principles in percuta- 
neous absorption, comprising: 

(a) polycarbophii in an amount ranging from about 0.1 to 
2% by wi; 

(b) polyvinyl alcohol in an amount ranging from about 0.1 
to 4% by weight; and 

I (c) a biopolymcr selected from the group consisting of: 

(1) hyaluronic acid and sails thereof, in an amount 
ranging from about 0.05% to 5% by weight, said 
hyaluronic acid having an average molecular weight 
ranging from about 800.000 to 1,200,000 dallons, 

(2) dermatan sulfate and salts thereof, in an amount 
ranging from about 0.05% to 5% by weight, said 
dermatan sulfate having an average molecular 
weight of about 5,000 to 8,000 daltons; 

(3) chondroitin sulfate, and salts thereof; and 

(4) alginic acid and salts thereof in an amount ranging 
from about 0.5% to 5% by weight. 

2. The aqueous composition according to claim 1, char- 
acterized in that said hyaluronic acid salts are selected from 
the group consisting of zinc salt, mixed salt with biotin and 
cthylcncdiaminc, and mixed salt with traumatic acid and 
ethylenedi amine. 

3. The aqueous composition according to claim 1, char- 
acterized in that said dermatan sulfate salts arc selected from 
the group consisting of lithium, zinc and tetrabutylammo- 
niura salts, mixed salt with biotin and ethylenediamine, and 
mixed salt with traumatic acid and ethylenediamine. 

4. The aqueous composition according to claim 1, char- 
acterized in thai said active to be vehiculated in percutane- 
ous absorption is selected from the group consisting of 
antimycotics, steroid and non-steroid anti-inflammatory 
agents, antibacterial agents, anti-histamines, antibiotics, 
antiglaucomatous agents, vasoactive agents and disinfec- 
tants. 

5. A process for the preparation of a bioadhesive and 
mucoadhesive aqueous composition of claim 1 comprising 
the following steps: 

(a) complete homogenization of said polycarbophii and 
polyvinyl alcohol in water, wherein homogenization is 
carried out in a single pot, or in two separate pots with 
subsequent combination of the resulting masses under 
continuous stirring; 

(b) preparation of a homogeneous stilution of one of said 
biopolymers in water; and 

(c) adding of the solution obtained in (b) to the mixture 
obtained in (a), under continuous stirring, until com- 
plete homogenization of a mass is obtained. 

6. The process according to claim 5, where a water 
solution of a thickening agent is added under stirring lo the 
mass obtained in .step (c). 

7. The process according to claim 6, characterized in that 
said thickening agent is triethanolamine. 

8. A method for treating skin and mucosa tissues to 
dryness and dehydration, which comprises administration of 
a bioadhesive and mucoadhesive aqueous composition as 
defined in claim 1. 

9. The aqueous composition according to claim 1, char- 
acterized in that said mucosal tissues are selected from the 
group consisting of cutaneous, ophthalmic, buccal, 
tracheobronchial, vaginal, gastroenteric and rectal tissues. 

10. A vehicle comprising active principles for percutane- 
ous absorption in a bioadhesive and mucoadhesive aqueous 
composition as defined in claim 1. 
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11. A derma tan sulfate salt selected from the group 
consisting of mixed salt with biotin and ethylenediamine, 
and mixed salt with traumatic acid and ethylenediamine. 

12. The salt according to claim 11, characterized in that 
said dcrmatan sulfate has an average molecular weight 
ranging from 5,000 to 8,000 daltons. 

13. A hyaluronic acid salt selected from the group con- 
sisting of mixed salt with biotin and ethylenediamine and 
mixed salt with traumatic acid and ethylenediamine. 



22 

14. The salt according to claim 13, characterized in that 
said hyaluronic acid has an average molecular weight rang- 
ing from about 800,000 to 1,200,000 daltons. 

15. TTie aqueous composition according to claim 1, 
wherein said polycarbophil is a polyacrylic acid cross-linked 
with divinylglycol. 
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ABSTRACT 



Ophthalmic drug delivery vehicles which are administrablc 
as a liquid and which gel upon contact with the eyes are 
disclosed. The vehicles contain xanthan gum. 
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GELLING OPHTHALMIC COMPOSITIONS 
CONTAINING XANTHAN GUM 

This application claims priority to co-pending U.S. Pro- 
visional Application, U.S. Ser. No. 60/081,004, filed Apr. 7, 5 
1998. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

^ 10 

The present invention relates to pharmaceutical compo- 
sitions. In particular, this invention relates to ophthalmic 
compositions and drug delivery vehicles which are admin- 
istrable as liquids and which gel upon contact with the eye. 

2. Description of Related Art 15 

Although gels are desirable because they prolong the 
contact or residence lime of drugs in the eye, they are not as 
easy to administer topically as liquid drops, A variety of 
gelling drug delivery systems have been developed in an 
effort to allow an ophthalmic pharmaceutical composition to 20 
be topically administered as a liquid drop and then gel upon 
contact with the eye. Drug delivery vehicles containing 
polysaccharide polymers which gel in response to a pll 
change have been proposed, such as those described in U.S. 
Pat. Nos. 4,136,173, 4,136,177, and 4,136,178, for example. 25 

Drug delivery systems which gel in response to tempera- 
ture changes have also been proposed. For example, drug 
delivery systems utilizing Tetronic®, Pluronic®, or other 
polyols have been disclosed in U.S. Pat. Nos. 4,474,751; 
4,474,752; and 4,188^73. U.S. Pat. Nos. 5,124,151; 5,306, 
501 and 5,618,800 also disclose thermally gelling systems. 

Alternatively, ion-sensitive gelling polymers have been 
identified. European Patent No. 0 227 494 Bl discloses 
ophthalmic compositions containing polysaccharides of the 
type that undergo liquid-gel phase transition under the effect 
of an increase in ionic strength. The only representative 
polysaccharide specifically disclosed by this European 
patent, however, is gel Ian gum. U.S. Pat. No. 5,403,841 
discloses gelling ophthalmic compositions that contain 
carrageenans, such as Eucheuma Carrageenani. The ^ 
carrageenan-containing compositions are characterized as 
capable of gelling in about 0.5 to 1% aqueous NaCl. 

International Publication No. WO 92/09307 discloses 
gelable carrier compositions containing a water-soluble, 45 
noniooic cellulose ether polysaccharide, such as 
ethylhydroxyethylcellulose, and a charged .surfactant. The 
reference compositions gel due to strong hydrophobic inter- 
actions between the polymer and the charged surfactant. 

Various drug delivery systems employing combinations 50 
of two types of gelling polymers have also been di.sclosed. 
U.S. Pat. No. 5,077,033 discloses a thermally irreversible 
gel system comprising a combination of polyoxyalkylene 
and ionic polysaccharides. U.S. Pat. No. 5,296,228 discloses 
aqueous rcvcrsibly gelling polymeric solutions containing 55 
ion exchange resin particles. The polymeric component of 
the solution may be a pH sensitive polymer, a temperature 
sensitive polymer, or combinations of both pH-sensiiive 
polymers and temperature sensitive polymers. U.S. Pat. No. 
5,252,318 also discloses reversibly gelling aqueous compo- 
sitions containing combinations of polymers, in this case at 
least one pH-sensiiive reversibly gelling polymer and at 
least one temperature sensitive reversibly gelling polymer. 

U.S. Pat. No. 5,212J62 discloses ophthalmic composi- 
tions containing gelling polysaccharides and drug carrier 65 
substrates. As used in the *162 patent, gelling polysaccharide 
means a poly.saccharide capable of reversible liquid-to-gel 
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transition based on a change in ionic strength or pH. 
According to the *162 patent, suitable gelling polysaccha- 
rides include xanthan gum, locust bean gum, gellan gum, 
carrageenans and combinations thereof. The '162 patent 
references U.S. Pat. Nos. 4,136,173, 4,136,177, and 4,136, 
178 in connection with xanthan gum and locust bean gum. 

EP 0 424 043 Al discloses liquid ophthalmic composi- 
tions that undergo liquid-gel phase transition upon admin- 
istration to the eye. The compositions comprise an aqueous 
solution of al least one active agent and are characterized in 
that they contain 0.1 to 5% by weight of a sulfated polysac- 
charide derivative, preferably selected from kappa- 
carrageenan, iota-carrageenan and mixtures thereof, 
whereby the liquid-gel phase transition is mediated by 
interaction of the sulfated polysaccharide derivative with the 
proteins of the lachrymal fluid. 

Xanthan gum is a polysaccharide known to be useful in 
ophthalmic compositions as a viscosity enhancing agent. 
U.S. Pat. No. 4,136,177 discloses ophthalmic compositions 
containing an ophthalmic drug and from about 0.01 to 2.5% 
(w/v) of xanthan gum. The '177 patent teaches that if the 
concentration of xanthan gum is from about 0.02 to about 
1.0% (wA^), the composition is suitable for "drop wise" 
ophthalmic applications. In contrast, at concentrations of 
xanthan gum above about 1.0% and up to about 2.5% (w/v), 
"a gel-like consistency is attained." Thus, the '177 patent 
discloses compositions that are formulated to be either 
non-gelled liquids or gels before instillation in the eye. The 
*177 patent does not describe any xanthan gum-containing 
compositions as capable of being administered as a liquid 
and gelling upon contact with the eye, 

U.S. Pat. No. 4,136,173 discloses ophthalmic composi- 
tions containing a combination of xanthan gum and locust 
bean gum. These compositions gel due to a change in pH. 
The '173 patent discloses that, in solutions containing either 
of these two gums alone, "sujQScient gelling did not occur, 
nor, at the same time, did these solutions demonstrate pH 
sensitive liquid-gel reversibility." (*173 patent. Col. 4, lines 

It has been accepted in the art that xanthan gum is not a 
polymer of the type which is capable of undergoing a 
liquid-gel phase transition upon contact with the eye. See, 
for example, Meseguer, et al.. Journal of Ocular Pharma- 
cology and Therapeutics, 12(4):481-487 (1996), describing 
gellan gum as a "phase-transition system" but xanthan gum 
as a "viscosity enhancer." 

SUMMARY OF THE INVENTION 
The present invention is directed toward ophthalmic com- 
positions which arc adrainistrablc as a liquid and which gel 
upon contact with the eye. The compositions of the present 
invention contain xanthan gum, but do not contain locust 
bean gum. 

Among other factors, the present invention is based upon 
the finding that compositions containing xanthan gum as the 
sole gelling polymer are capable of gelling upon contact 
with the eye. 

Among other factors, the present invention is based upon 
the finding that xanthan gum gels upon contact with the eye 
due, at least in part, 10 an interaction with the lysozyme 
component of tear fluid. 

Among other factors, the present invention is also based 
upon the finding that the strength of the gel formed by 
xanthan gum upon contact with lysozyme is dependent upon 
both the acetate and pyruvate content of xanthan gum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the relationship between elastic modulus 
(G', Pa) and acetate content for xanthan gum. 
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FIG. 2 shows the relationship between elastic modulus The ophthalmic drug may be present in the form of a 

(G*, Pa) and pyruvate content for xanthan gum. pharmaceutically acceptable salt, such as timolol maleate, 
FIG. 3 shows the relationship between elastic modulus brimonidine tartrate or sodium diclofenac. Compositions of 

(G', Pa) and bound acetate content for xanthan gum. the present invention may also include combinations of 
FIG. 4 shows the relationship between elastic modulus ^ ophthalmic drugs, such as combinations of (i) a beta -blocker 

(G', Pa) and NaQ concentration. selected from the group consisting of betaxolol and timolol, 

and (ii) a prostaglandin selected from the group consisting of 

DETAILED DESCRIPTION OF THE latanoprost; i5-keto latanoprost; fluprostenol isopropyl ester 

INVENTION (especially iR-[la(Z),2p(lE,3R*).3a,5a].7-[3,5- 

The ophthalmic compositions of the present invention are dihydroxy.2^:3-hydroxy.4-[3-(trifluoromethyl)-phenoxy]- 

formulaled as non-gelled liquids which gel upon instillation i-butenyl]cyclopentyl]-5-heptenoic acid, 1-methylethyl 

in the eye. The compositions contain xanthan gum as a ester); and isopropyl [2R(lE3R),3S(4Z).4R]-7-[tetrahydfo- 

geUing agent, and do not contain locust bean gum. Xanthan 2-[4-(3-chlorophenoxy)-3-hydroxy-I-butenyl]-4-hydroxy- 

gum is a well-known polysaccharide that is commercially 3-furanyI]-4-heptenoate, 

available from a variety of sources. The amount of xanthan Although the amount of drug included in the composi- 

gum contained in the compasitions of the present invention tions of the present invention will be whatever amount is 

will depend upon the identity and concentration of other therapeutically effective and will depend upon a number of 

ingredients in the composition, but will generally range from factors, including the identity and potency of the chosen 

about 0.1 to about i% (w/w). drug, the total concentration of drug will generally be about 

It is important that the xanthan gum contained in the ^° C^/^) less. Alternatively, the compositions of the 

compositions of the present invention have an initial bound present invention may be formulated without ophthabnic 

acetate content of at least about 4%. Bound acetate content ^rugs, in which case the compositions may serve in the 

means the amount of acetate esterified to the xanthan gum prevention or treatment of dry eye. 

molecule (w/w). Bound acetate content can be measured by In addition to xanthan gum and any ophthalmic drug, the 

HPLC methods and may be available from the commercial compositions of the present invention may include other 

suppliers of xanthan gum. components. For example, the compositions may include 

It is also important that the xanthan gum have an initial n^o^e pharmaceutically acceptable buffering agents, 

bound pyruvate concentration of at least about 2.5%. The preservatives (including preservative adjuncts), tonicity- 

bound pyruvate content means the amount of pyruvate 3^ adjusting agents, surfactants, solubilizing agents, stabilizing 

which is bound to the xanthan gum molecule in a ketal form agents, comfort-enhancing agents, emollients, pH-adjusting 

(w/w). The bound pyruvate content can be measured by agents and/or lubricants. The compositions of the present 

calorimetric or HPLC methods and is commonly available invention may also contain drug carrier substrates, such as 

from the commercial suppliers of xanthan gum. cation exchange resins, anion exchange resins, encapsulat- 

As used herein, "initial" bound acetate or pyruvate con- 35 microspheres, insoluble drug particles, gel particles and 

tent of xanthan gum means that content present in the raw poiymeric dmg complexes. 

material as received from the supplier, measured before the As mentioned above, the identity and amount of addi- 

expiration date assigned to the raw material by the supplier tional ingredients in the xanthan gum compositions of the 

and prior to any processing or formulating. present invention can effect the compositions' 15 ability to 

The ability of xanthan to form a gel upon contact with the 40 ^et upon contact with the eye. In this regard, the composi- 

eye can be affected both by the identity and amount of other present invention should be formulated so that 

ingredients in the compositions of the present invention and ^^eir total ionic strength is approximately 120 mM or less, 

by subsequent processing steps, such as a steam sterilization preferably about 94 mM or less. Compositions contain- 

step. Once formulated and processed to finished form, the ^"S xanthan gum that have a total ionic strength greater than 

ability of the xanthan gum-containing compositions of the 45 unlikely to gel upon contact with the eye. 

present invention to gel upon contact with the eye may i°nic strength is calculated according to the well 

change over time as well, due in part to changes in the bound accepted formula: Ionic strcngth-=0.52:m,Z/, where m, is the 

acetate content over time. By restricting the initial bound molar concentration of ionized specie i with a valency of Z,. 

acetate and pyruvate content as described above, the xanthan As used herein, "total ionic strength" excludes any contri- 

gum raw material to be included in the compositions of the 50 ^^^^^^ xanthan gum itself. 

present invention is selected based on its ability to form Xanthan gum is generally available in at least two grades 

relatively strong gels — on the order of approximately 130 Pa from some commercial suppliers, a food or industrial grade 

(elastic modulus, G')-5 when measured using the Lysozyme and a pharmaceutical grade. It is preferable to polish filler 

Gel Strength Test described in Example 1 below, even pharmaceutical grade materials so that the finished 

Ophthalmic drugs suitable for use in the compositions of 55 pharmaceutical product will have increased clarity. As one 

the present invention include, but are not limited to: anti- skilled in the art appreciates, the appropriate filter size for 

glaucoma agents, such as beta-blockers including timolol, polish filtration depends upon the size of the undcsircd 

betaxolol, Icvobciaxolol, cartcolol, miotics including impurities contained in raw material. For example, in the 

pilocarpine, carbonic anhydrasc inhibitors, prostaglandins, case of a solution composition, it has been found that the 

screionergics, muscarinics, dopaminergic agonists, adrener- 60 Rhodigel Clear grade of xanthan gum from Rhone- Poulenc 

gic agonists including apraclonidine and brimonidine; anti- Inc. should be filtered through a 0.45 /<m filter in order to 

infective agents including quinolones such as ciprofloxacin, remove cell debris and impurities. Multiple stages of filters 

and aminoglycosides such as tobramycin and gentamicin; can be used to increase the overall efficiency of the polish 

non-steroidal and steroidal anti-tnflammatory agents, such filtration process. 

as suprofen, diclofenac, ketorolac, rimexolone and teirahy- 65 If xanthan gum is to be sterilized using steam or heat, the 

drocoriisol; growth factors, such as EGF; immunosuppres- length of lime xanthan is exposed to elevated temperatures 

sant agents; and anti-allergic agents including olopaiadine. is preferably minimized. By u.sing relatively higher target 
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lemperaiures and shorier residence times to achieve a 
desired sterilization, including relatively rapid ramp up and 
ramp down times, the efifect of elevated temperatures upon 
xanihan gum's ability to gel can be reduced. 

The following examples arc presented to illustrate further 5 
various aspects of the present invention, but are not intended 
to limit the scope of the invention in any respect. 

EXAMPLES 

10 

Example 1 

Measurement of Gel Strength of Xanthan Gum Raw Mate- 
rial Using Lysozyrae (**lhe Lysozyme Gel Strength Test'*). 

An in vitro test is used to measure the gel strength (elastic 
modulus, G') of xanthan gum raw material after mixing with 15 
lysozyme, a protein found in tears. While not wishing to be 
bound by any theory, it is believed that xanihan gum 
undergoes an ionic interaction with lysozyme to form a gel. 
The gel strength is measured as follows: 

Prepare a 0.6% (w/w) aqueous solution of xanthan gum 20 
containing 0.5% (w/w) NaCl using purified water. Add 2.0 
g of the aqueous solution of xanthan gum to 4.0 g of a 
freshly prepared 0.2% (wAv) solution of chicken lysozyme 
(chicken lysozyme in purified water) contained in a 20 mL 
scintillation vial. Immediately mix the resulting sample for 25 
30 seconds on a wrist action shaker using the shaker 
parameters listed below (shaking is a critical step). Follow- 
ing shaking, allow the sample to stand for 3—4 minutes. 
Perform remaining steps as quickly as possible. Gently 
isolate the resulting gelatinous mass by pouring the contents 30 
of the scintillation vial onto a 180 mm nylon mesh filter and 
allow to drain for approximately 10 seconds. Gently slide 
the filtered sample onto the center of the stage of a Bohlin 
constant stress rheo meter. Gently lower the upper plate of 
the rheometer to spread the sample over the entire bottom 1^ 
surface of the upper plate. Allow the sample to equilibrate 
for 4 minutes. Measure elasticity in the oscillation mode 
using the instrumental parameters shown below. Average the 
results for 3^ replicate samples to obtain a final result. 



raw material was dissolved in purified water and analyzed 
for hydro lyzed ("firee") acetate and pyruvate content. A 
separate solution of the same lot of xanthan gum was 
subjected to an acid hydrolysis step prior to HPLC analysis 
to determine total acetate and pyruvate content. Bound 
acetate and pyruvate are calculated by the differences 
between the total and free values. 



TABLE 1 


LOT 




INniAL BOUND 


CLASTIC MODULUS 


# 


PYRUVATE (%) 


ACETATE (%) 


G- (Pa) 


1 


3.4 


5. J 


180 


2 


2.3 


5.5 


104 


3 


2.8 


5.2 


164 


4 


2 


4.7 


85 


5 


3 


5 


162 


6 


3.6 


5.7 


199 


7 


3.2 


6.3 


139 


8 


2.9 


4.8 


154 


9 


4.2 


3.7 


22 


10 


4.1 


3.5 


10 


11 


4 


5.4 


150 


12 


4.4 


5.2 


179 


13 


3.8 


4.6 


165 


14 


3.9 


4.9 


155 


15* 


2.9 


5.6 


90 


16 


4.3 


5.6 


224 


17 


4.6 


5.4 


217 


18 


4.4 


5.9 


204 


19 


4.4 


5 


233 


20 


4.6 


5.4 


240 


21 


4.8 


5.5 


228 


22 


4.8 


5.4 


225 


23 


4.4 


5.2 


268 



•This sample was expired; it was >11 years old. 

Example 2 
Ophthalmic Compositions 

The ophthalmic compositions shown below in Table 2 can 
be prepared according to the present invention. All values 
are expressed as % w/v unless otherwise noted. 



Parameters for Wrist Action Shaker (Ijib-Line 3589-1 or equivalent) 



TABLE 2 



Cycle (up & down) time 
Vertical Displacement 
Arm Length 
Geometry 



700-750 rpm 
10-12 mm 
14-15 cm 

Clamp at 45° angle from vertical in a 
plane perpendicular to arm motion 
Parameters for Bohlin Constant Stress Rheometer 
(Bohlin CS-10 or equivalent) 



Plate 


40 mm parallel geometry, stainless 




steel 


Gap 


1.3 mm 


Mode 


Oscillation 


Frequency 


1 Hz 


Shear Stress 


0.25 Pa 


Temperature 


C 


Delay Time 


5 sccond.s 


Wait lime 


10 seconds 


Kcsolution 


High 



The gel strength of 23 different lots of xanthan gum obtained 60 
from various suppliers was tested using the Lysozyme Gel 
Strength Test, and gel strength (elastic modulus, G') results 
for each lot are listed in Table 1. These results are also shown 
in FIG. I (elastic modulus vs. acetate content) and FIG. 2 
(elastic modulus vs. pyruvate content). Initial bound acetate 65 
and pyruvate content was measured using ion exclusion 
HPLC with ultraviolet detection (20.5 nm). Xanthan gum 



INGREDrE^^T 


A 


B 


C (vehicle) 


llmolol Maleate 


0.34 


0.68 




i3cnzododecinium 


0.012 


0.012 


0.012 


Bromide 








Xanthan Gum 


0.6 


0.6 


0.6 


Tromethamine 


0.72 


0.8 


0.6 


Boric Acid 


0.3 


0.3 


0.3 


Mannitol 


4.35 


3.75 


4.4 


Polysorbaie SO 


0.05 


0.05 


0.05 


Purified Water 


q.s. 100 


q.s. 100 


q.s. 100 


INGREDIENT 


n 


E 


F , 


Xanthan Gum 


0.3 


0.3 


0.3 


HPMC- 






0.25 


Tromcthamine 


q.s. pll ti-fl 


q.s. pll 6h^ 


q.s. pll 6-8 


Mannitol 


q.s. 250-300 


q.s. 250-350 


q.s. 250-350 




mOsm 


mOsm 


mOsm 


Glycerin 




0.2 




Purified Water 


q.s. 100 


q.s. 100 


q.s. 100 


INGREDIENT 


G 


H 


I 


Xanthan Gum 


0.6g 


0.6 g 


0-6g 


Cartelol 




1.05 g 




Mannitol 




3.4 g 


3g 


Sorbitol 


4.5g 






Boric Acid 


0.3g 


0.3 g 


0.3 g 


Tromcthamine 


0.7g 


0.561 


0.54 g 
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TABLE 2-conlinucd 



I'olysorbate 80 0.05 g 


0-05 g 0.05 g 


i3cnzodocicctDLuni 0-0 


\JAJ1Z, S 


Uromide 




Purified Water qs to 100 g 


qs to 100 g qs to 100 g 


pH 7.5 


6.7 6.7 


INTf R Fn 1 F NT 


J ^ /V W/ W J 


Polysorbate 80 


0.05 


^^CflntHSin Oum 


0.4—0.8 


Mannitol 


4.4 


Boric Acid 


0.3 


Tromethamine 


0.6 


Bcazalkonium Chloride 


0.01 + 10% xs 


Purified Water 




INGREDIENT 


K 


Olopatadinc HCl 


0.111 


Xanthan Gum 


0.6 


Boric Acid 


0.3 


Mannitol 


4.4 


Tromethamine 


0.64 


Polysorbate SO 


0.05 


Bcazalkonium Chloride 


0.01 


Tromethamine 


q.s. pH 7 


Hydrochloric Acid 


q.s. pH 7 


Pxirified Water 


q.s. to 100 



15 



"HPMC - hydroxypropyl methylccllulose 

Example 3 
Effect of Acetate Content on Gel Strength 

To demonstrate the effect of bound acetate content on the 
ability of xanthan gum to gel upon contact with lysozyme, 
xanthan gum having an initial bound acetate content of 5.2% 
was progressively deacylated as follows. A stock solution 
containing 0.75 wt % xanthan gum and 0.4625 wl % NaCl 
was prepared. To the 40.0 g of stock solution, the indicated 
amount of IN NaOH was added. The solution was stirred for 
ten minutes at room temperature. Then the indicated amount 
of IN HCl was added. The pH of the solution was adjusted 
to 7 with O.IN NaOH. Then the indicated amount of sodium 
chloride was added, followed by purified water to adjust 
sample size to 50.0 g and stirring for one hour. Each of the 
five solutions had final concentrations of 0.6% xanthan gum 
and 0.5% NaCl. TbQ results are shown below in Table 3 and 
in FIG. 3. 

The NaCl concentration contributions from the stock 
solution and from NaOH/HCl are also shown below. Tlie 



8 



approximate weight of the NaCl contributed to the compo- 
sition by NaOH/HCl was calculated as (MW^^c/ ^ weight 
of IN NaOH added)/1000. 

TABLE 3 





A 


B 


C 


D 


E 


0.75^ xanthan gum, 


40 


40 


40 


40 


40 


0-46% NaCI stock, g 












IN NaOH, g 


0 


0.11 


0.2 


0.5 


1.1 


IN HCl, g 


0 


0.11 


0.2 


0.5 


1.1 


NaCl, g 


0.064 


0.0576 


0.0524 


0.0349 


0 


Purified Water, g 


qji. 50 


q.s. 50 


q.s. 50 


q.s. 50 


q.s.50 


% NaCl from Stock 


0.37 


0.37 


0.37 


0.37 


0.37 


% NaCl from NaOH & 


0 


0.01287 


0.0234 


0.0585 


0.1287 


HCl" 












% NaCt added to sample 


0.128 


0.1152 


0.1048 


0.0698 


0 


after HQ 












% Total NaCl 


. 0.49S 


0.49807 


0.4982 


0.4983 


0.4987 


Osmolality, mOsm 


181 


182 


182 


183 


188 


Free Pyruvate 


None® 


None® 


None® 


None® 


None® 


Free Acetate, % of 


0 


1.2 


2.2 


3.9 


5.2 


xanthan wt. 












Gel Strength (G', Pa) 


207 


223 


181 


97 


38 


(individual) 


195 


232 


81- 


59- 


41 




189 


224 


194 


128 


28 




235 


168 


214 


134 


28 


Gel Strength (G*, Pa) 


207 


212 


196 


120 


34 



(Average) 



3Q 'Not considered for calculation of average because it is 3 standard devia- 
tions away from the average of the remaining three readings. 
®Bc[ow detection limit. 



Example 4 



Effect of Other Composition Ingredients and Xanthan Gum 
^ Concentration oo Gel Strength 

To demonstrate the effect of composition ingredients and 
xanthan gum concentration on gel strength, the formulations 
45 shown below were prepared and tested using the Lysozyme 
Gel Strength Test. The results are shown in Table 4 (all 
amounts are expressed in % w/w). 



TABLE 4 



INGREDIENT 


A 


B 


C 


D 


E 


F 


G 


II 


I 


Bctaxolol HCl 




0.28 
















(S)-Betaxoiol HCl 


0.168 




0.23 


0.4 


0.56 


0.84 


0.75 


0.84 


0.84 


Xanthan Gum 


0.6 


0.6 


0.6 


0.6 


0.6 


0.6 


0.6 


0.6 


1 


Amberlite IRP-69 




0.25 


0.25 


0.45 


0.65 


1.5 


2.5 


I.J 25 


1.5 


Mannitol 


4 


4 










3-9 


3.7 


3.7 


Glycerine 






1.85 


1-8 


1.75 


1.65 








Boric Acid 


0.3 




0.4 


0-4 


0.4 


0.4 


0.1 


0.3 


0.3 


Edctatc Di.sodium 


0.01 


0.01 












0.01 


0.01 


Hdetic Acid 






0.05 


0.05 


0.05 


0.05 








Polysorbate SO 


0.05 




0.05 


0.05 


0.05 


0.05 




0.05 


0.05 


N-Lauroylsarcosinc 






0.03 


0.03 


0.03 


0.03 




0.03 


0.03 


Benzalkonium Chloride 




0.011 


0.011 


0.0 n 


0.011 


0.011 




0.01 


0.01 


Benzododecinium Bromide 


0.012 


















Tromethamine 


0.56 


0.14 


0.39 


0.62 


0.56 


0.94 


1.76 


1.14 


1.44 


Purified Water 


q.s- 


q.s. 


q.s. 


q.s. 


q.s. 


q.s. 


q.s. 


q.s. 


q.s. 
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TABLE 4-continued 













SAMPLE 










[NGREDIENT 


A 


B 


C 


D 


E 


F 


G 


H 


I 


Gel Strength (G", Pa) 


100 
140 


100 
128 


100 
34 


100 
4 


100 

2 


100 
1 


100 

1 


100 
2 


100 
72 



Example 5 

Gel Strength Correlation between Xanthan Gum Raw Mate- 
rial and Finished Product 

To demonstrate the correlation between the gel strength 
formed by xanthan gum raw material using the Lysozyme 
Gel Strength Test and that formed by finished product, the 
gel strength of Compositions A and B of Example 2 
(following steam sterilization) were evaluated. The results 
are shown below in Table 5. 



TABLE 5 





Raw Material 


Composition A 


Composition B 


Sample 


G- (Pa) 


G- (Pa) 


G' (Pa) 


1 


180 


114 


100 






(n - 23, RSD - 12%) 


(n - 26; RSD - 10%) 


2 


104 


92 


67 






(n - 9; RSD - 12%) 


(n - 9; RSD - 13%) 


3 


164 


115 


73 






(n-1) 


(n-1) 


4 


85 


46 


32 






(n-2) 


(n-1) 


5 


199 


100 


104 






(n-2) 


(n-2) 


Example 6 



Calculation of Total Ionic Strength 

The ionic strength contributions from the different ions of 
Compositions A-C of Table 2 were calculated using a 
pH-6.9 and are shown in Table 6. At this pH, the following 
charged species (excluding xanthan gum itself) are present 
in the composition: 

1. mannnitol-boric acid- trometh amine buffer: monovalent 
anionic raannitol borate complex adjusted to pH 6.9 with 
monovalent cation troraethamine. This contributes an ionic 
strength of about 46 mM to all three compositions. 

2. bcnzododecinium bromide: because the concentration 
of this ingredient is so small and because the valence is 1 for 
both the benzododecinium and bromide ions, the ionic 
strength contribution to each of the three compositions from 
this is insignificant. 

3. timolol maleate: at pH 6.9, timolol maleate would be 
present as monovalent timolol cations, divalent maleate 
anions and monovalent maleate anions. The ionic strength 
contribution of timolol maleate and the amount of 
tromethamine needed to adjust the pH of timolol maleate to 
pH 6.9 is approximately 22 mM for position A and 42 mM 
for Composition B. 

lABLE 6 



'Jb Mono- ?b 

vaicnt Divalent 

IONS pKa at pH 6.9 at pH 6.9 A U C 

Timolol 9.21 99.5 78.S 3.9 7.9 0.0 

Maleate* 6.33 21.2 13.0 26.1 0.0 

Tromethamine 3.0S 93.8 27.8 30.9 23.2 
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IONS 


pKa 


% Mono- 
valent 
at pll 6.9 


% 

Divalent 
at pll 6.9 


A 


B 


C 


Boric Acid*" 
Total 


5.7-5.85 


94.1 




22.8 
67.6 


22.8 
87.7 


22.8 
46.0 



•Second pKa 

20 **pKa of boric acid in presence of 3.75 to 4.4 wt, % mannttol. 

Example 7 

Effect of Ionic Strength on Xanthan Gum's Ability to Gel 
The effect of total ionic strength on xanthan gum's ability 
25 to gel was evaluated by varying the concentration of NaCl 
in the 0.6% (w/w) solution of xanthan gum in the Lysozyme 
Gel Strength Test. Specifically, the Lysozyme Gel Strength 
Test described in Example 1 was performed five times for 
the same lot of xanthan gum, but each time the NaCl 
concentration was different. As a control sample, a 0.6% 
(w/w) xanthan gum solution (same lot of xanthan gum as in 
the previous five samples) was tested using the Lysozyme 
Gel Strength Test (0.5% (w/w) of NaQ), except that it was 
not mixed with any chicken lysozyme. The results are shown 
below in Table 7 and to FIG. 4. A 0.7% (w/w) solution of 
NaCl has an ionic strength of approximately 120 mM [0.5 
((7/58.5xl0OO)+(7/58.5xl00O))=119,6]. 



TABLE 7 



40 



NaCl concentration (w/w) 


Elastic Modulus (G', Pa) 


0.5 


178 


0.6 


106 


0.7 


35 


0.8 


6.3 


0.9 


2.6 


Control 


13 



The invention has been described by reference to certain 
preferred embodiments; however, it should be understood 
50 that it may be embodied in other specific forms or variations 
thereof without departing from its spirit or essential char- 
acteristics. The embodiments described above are therefore 
considered to be illustrative in all respecLs and not 
restrictive, the scope of the invention being indicated by the 
55 appended claims rather than by the foregoing description. 
We claim: 

1. An improved ophthalmic composition comprising xan- 
than gum, wherein the improvement comprises the compo- 
sition having a total ionic strength of about 120 mM or less 

60 and the xanthan gum having an initial bound acetate content 
of at least about 4% and an initial bound pyruvate content of 
at least about 2.5%, provided that the composition does not 
contain locust bean gum. 

2. The composition of claim 1 wherein the amount of 
65 xanthan gum is from about 0.1 to about 1% (w/w). 

3. llie composition of claim 1 further comprising an 
ophthalmic drug. 
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4. The composition of claim 3 wherein the drug is selected 
from the group consisting of anti-glaucoma agents; anti- 
infective agents; non-steroidal and steroidal anti- 
inflammatory agents; growth factors; immunosuppressant 
agents; and anii-allcrgic agents. 5 

5. The composition of claim 4 wherein the drug is selected 
from the group consisting of timolol; brimonidine; tobra- 
mycin; ciprofloxacin; rimexolone; olopatadine; latanoprost; 
15-keto-latanoprost; fluprostenol isopropyl ester; isopropyl 
[2R(lE,3R),3S(4Z),4R]-7-[tetrahydro-2-[4-(3- lO 
chlorophe no xy)-3- hydro xy - 1 -bu ten yl]-4-hydroxy-3- 
furanyl]-4-heptenoate; and the pharmaceutically acceptable 
sails thereof. 

6. The composition of claim 1 further comprising one or 
more agents selected from the group consisting of buffering is 
agents; preservatives; tonicity-adjusiing agents; surfactants; 
solubilizing agents; stabilizing agents; comfort-enhancing 
agents; emollients; pH-adjusting agents; lubricants; and 
drug carrier substrates. 

7. The composition of claim 1 wherein the xanthan gum 20 
forms a gel having an elastic modulus (G*) of approximately 
130 Pa when measured in the Lysozyme Gel Strength Test. 



8. The composition of claim 1 wherein the composition 
has a total ionic strength of about 94 mM or less. 

9. The composition of claim 1 wherein the composition 
comprises tobramycin or a pharmaceutically acceptable salt 
of tobramycin, a preservative, a pH-adjusting agent, a tonic- 
ity adjusting agent, and xanthan gum. 

10. The composition of claim 1 wherein Ihc composition 
comprises timolol or a pharmaceutically acceptable salt of 
timolol, a preservative, a pll-adjusting agent. 

11. The composition of claim 10 wherein the composition 
comprises timolol maleate, benzododecinium bromide, 
tromethamine, boric acid, mannitol, and polysorbate 80, 

12. The composition of claim 1 wherein the composition 
is intended for treating dry eye and comprises a 
pH-adjusting agent and a tonicity adjusting agent. 

13. The composition of claim 12 wherein the amount of 
xanthan gum is 0.4-0.8% (w/w). 



10/04/2001, 



EAST Version: 



1.02 .0008 



United States Patent (19] [UJ Patent Number: 4,861,760 

Mazuel et al. [45] Date of Patent: Aug. 29, 1989 



[54] OPHTHALMOLOGICAL COMPOSITION OF 
THE TYPE WHICH U>a)ERGOES 
LIQUID-GEL PHASE TRANSITION 

[75] Inventors: Claude Mazuel; Marie-Claire 

Friteyre, both of Riom, France 

[73] Assignee: Merck & Co., Inc., Rahway, N J. 

[21] Appl. No.: 911,606 

[22] Filed: Sep. 25, 1986 

[30] Foreign Application Priority Data 

Oct. 3. 1985 [FR] France 85 14689 

[51] Int. a/ A61K 31/715; A61K 31/70 

[52] VS. a 514/54; 514/912; 

514/913; 514/915; 514/944; 536/1.1; 536/114; 

536/123 

[58] Field of Search 514/54, 944, 912, 913, 

514/915,954; 536/123, 114, 1.1 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2,441,729 5/1948 Steiner 514/944 

2,935,447 5/1960 Miller et al 514/54 

4,013.792 3/1977 Eichman et al 574/171 

4.039,662 8/1977 Hecht et al 514/54 

4,136,173 1/1979 Pramoda et al 514/800 

4,136,177 1/1979 Lin et al 514/913 

4,188,373 2/1980 Krezanoski 514/11 

4.326.052 4/1982 Kang et al 536/123 

4.326.053 4/1982 Kang et al 536/123 

4,343,787 8/1982 Katz 514/54 

4,407.792 10/1983 Schoenwaid et al 514/912 

4,409,205 10/1983 Shively 514/53 

4,474,751 10/1984 Haslam et al 424/78 

4,503,084 3/1985 Baird et al 426/573 



4,517,216 5/1985 Shim 536/1.1 

4,563,366 1/1986 Baird et al 426/573 

4,638,059 1/1987 Sutherland 536/123 

4,661.475 4/1987 Bayerlein et al 514/54 

4,717,713 1/1988 Zatz et al 514/54 

4,746.528 5/1988 Prest et al 536/1.1 

FOREIGN PATENT DOCUMENTS 

1072413 2/1980 Canada . 

134649 3/1985 European Pat. Off. . 

0142426 5/1985 European Pat. Off. 514/914 

1312244 6/1962 France . 

OTHER PUBLICATIONS 

Janssonet al.; Carbohydrate Research vol. 124:135-139, 
(1983). 

Crescenzi et al.; Carbohydrate Research, vol. 
149:425-432, (1986). 

Primary, Examiner — Ronald W. Griffin 

Assistant Examiner — Nancy S. Carson 

Attorney, Agent, or Firm — William H. Nicholson; Joseph 

F. DiPrima 

[57] ABSTRACT 

The present invention relates to a pharmaceutical com- 
position intended for contacting with a physiological 
liquid characterized in that said composition is intended 
to be administered as a non-gelled liquid form and is 
intended to gel in situ, this composition containing at 
least one polysaccharide in aqueous solution, of the type 
which undergoes liquid-gel phase transition gelling in 
situ under the effect of an increase in the ionic strength 
of said physiological liquid. 

8 Claims, 1 Drawing Sheet 
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OPHTHALMOLOGICAL COMPOSITION OF THE 
TYPE WHICH UNDERGOES LIQUID-GEL PHASE 
TRANSITION 

5 

The present invention relates to a pharmaceutical 
composition containing at least one polysaccharide in 
aqueous solution, of the type which undergoes liquid- 
gel phase transition under the effect of an increase in the 
ionic strength. 10 

The pharmaceutical compositions of the invention 
are of the type which undergoes liquid-gel phase transi- 
tion under the effect of an increase in the ionic strength. . 

They are particularly intended for contacting with 
physiological liquids. Thus the transition occurs at the 
contact, as the physiological liquids have a higher tonic- 
ity than the one of said compositions. 

The compositions of the invention are specially useful 
for ophtalmic use, but also as injectable form, the 
formed gel having thus the function of slow-release 
form, as by intradermic or intramuscular injections, or 
as galenic form intended for contacting with mucous 
membranes. 

A large percentage of drugs administered to the eye is 
lost as a result of lacrimal drainage; this applies espe- 
cially in the case of a liquid formulation. In effect, as a 
result of this drainage, only a small fraction of the dose 
administered remains in contact with the cornea for a 
few minutes, and an even smaller fraction penetrates 
into the eye. 

To overcome this disadvantage, it is known to use 
viscous solutions, gels, eye ointments or solid eye im- 
plants. 

Progress has been made in the delivery of drugs by 35 
the use of these galenical forms, especially by using the 
solid implants, by means of which it is possible to re- 
duce greatly the doses of active principle in the formu- 
lation while retaining a therapeutic response equivalent 
to that which would be induced by an eye lotion, the 4^ 
latter, in addition, needing to be administered more 
frequently. 

Some of these implants function by diffusion. Thus, 
for example, in the "OCUSERT®" system, one 
weekly application of an oval lens in the conjunctival 45 
sac enables an active principle to be delivered by diffu- 
sion, but this lens has to be removed after use, which is 
a source of problems for the patients. 

Others function by dissolution, and, in this case, since 
the implants are either soluble or autodegradable (**LA- 30 
CRISERT (g)" system), their duration of action is much 
shorter. 

In all cases, the solid implants possess a major disad- 
vantage in that many patients find it difficult to tolerate 
the introduction into the conjunctival culs-de-sacs of 55 
the solid object represented by this implant. 

To solve this problem, galenical forms can be used 
which are liquid at room temperature and assure a semi- 
solid form at human body temperature. Such delivery 
systems are described in U.S. Pat. No. 4,188,373, which 60 
propose the use of "PLURONIC® polyols**. 

These "PLURONIC® polyols" are thermally gel- 
ling polymers in which the polymer concentration is 
chosen in accordance with the desired liquid-gel transi- 
tion temperature. 65 

However, with the commercially available 
"PLURONIC ® polymers", it is difficult to obtain a gel 
of suiuble rigidity while maintaining the transition tem- 



perature at physiological temperatures, which are of the 
order of 25' C.-.36* C. 

Similarly, Canadian Patent No. 1,072,413 describes 
systems containing a therapeutic or other agent (polox- 
amer), the gelification temperatures of which are made 
higher than room temperature by using additives. 

The thermally gelling systems have many disadvan- 
tages, including the risk of gelling before administration 
by an increase in the ambient temperature during pack- 
aging or storage, for example. 

U.S. Pat. No. 4,474,751 of Merck & Co., relates to 
other systems for delivering drugs based on ther- 
mogelification of gels, but these systems require very 
large amounts of polymers and this is not always well 
tolerated by the eye. 

The present invention relates to a pharmaceutical 
composition intended for contacting with a physiolog- 
ical liquid characterized in that said composition is in- 
tended to be administered as a non-gelled liquid form 
and is intended to gel in situ, this composition contain- 
ing at least one polysaccharide in aqueous solution,, of 
the type which undergoes liquid-gel phase transition 
gelling in situ under the effect of an increase in the ionic 
strength of said physiological liquid. 

The prefered pharmaceutical composition according 
to the invention is an ophthalmological composition, 
the physiological Uquid being the lacrimal fluid. Thus, 
the present invention overcomes these particular prob- 
lems of administering ophthalmic compositions. 

As a matter of fact, the composition, which takes the 
form of a liquid before its introduction into the eye, 
undergoes a liquid-gel phase transition, and hence 
changes from the liquid phase to the gel phase, once it 
is introduced into the eye, as a resxilt of the ionic 
strength of the physiological fluid which is in this case, 
the lacrimal fluid. 

This new ophthalmological composition is an amaz- 
ingly advantageous form for several reasons. In particu- 
lar, since the presence of lacrimal fluid is required to 
induce gel formation, any accidental spillage of solution 
outside of the eye cannot result in gel formation. Fur- 
thermore, in contrast to the thermally gelling systems, 
an increase in the ambient temperature cannot result in 
the solution gelling during storage. 

Also, the polymer used can form a gel at concentra- 
tions 10- to 100- fold lower than those used in systems 
involving thermogelification. It is hence very well tol- 
erated by the eye. 

Finally, when these compositions contain a pharma- 
ceutically active substance, such a delivery system 
makes it possible to achieve great bioavailability of the 
product, and concentrations of active principle which 
are sustained with time, advantages of a slow delivery 
system. 

Furthermore, in the case of already gelled or semi- 
solid compositions, it is not possible to administer them 
by volumetric means, especially when they come from 
a multi-dose container. To administer these in reproduc- 
ible qiiantities. one is then compelled to employ gravi- 
metric means. 

The compositions according to the invention have, 
on the one hand, the advantage of liquid ophthalmic 
compositions, namely reproducible and accurate dos- 
ing, by volumetric means, of the active substance, and 
on the other hand the advantages known for the systems 
in rigid or semisolid gel form, relating to the delivery of 
active substances. 
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The composition according to the invention conse- 
quently has neither the disadvantages of losses of active 
substances characteristic of simple liquid compositions, 
nor the unpleasant aspects of solid implant systems, nor 
finally the difficulties of administration associated with 5 
gelled or semi-solid compositions. 

The Applicant Company has demonstrated that aque- 
ous polysaccharide solutions, of the type which under- 
goes liquid-gel phase transition under the effect of an 
increase in the ionic strength, and are especially suitable 10 
according to the invention, are solutions of a polysac- 
charide obtained by fermentation of a microorganism. 

Thus, according to the invention, an extracellular 
anionic heteropoly saccharide elaborated by the bacte- 
rium Pseudomonas elodea and known by the name gellan 1 5 
gum is preferably used. 

This polysaccharide, manufactured by KELCO & 
CO., is already used as a gelling agent for culture me- 
dium and also in food products. The structure of this 
heteropolysaccharide consists of the following tetrasac- ^0 
charide repeating unit: 



— 3)-/3-D-Glcp-(l— 4)-)3-D.GlcpA-(l-^)-/J-D- 
Glcp-(l-*4)-a-L-Rhap-<l-* 
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which may. or may not, be partially 0-acetyIated on its 
)3-D-glucopyranose 03-D-Glcp) residues. 

The preparation of such polysaccharides in native 
and deacetyiated form is described, in particular, in U.S. 
Pat. Nos. 4,326,053 and 4,326,052 of MERCK & CO., 30 
Inc. Rahway NJ., and their structure has been de- 
scribed, in particular, by JANSSON & LINDBERG, 
Carbohydr. res. 124 (1983) 35-9. 

According to the present invention, aqueous solu- 
tions containing about 0. 1% to about 2.0% by weight of 35 
gellan gum, and especially of the product known by the 
tradename Gelrite®, which is a low acetyl clarified 
grade of gellan gum, are viscous at low ionic strength 
but undergo a liquid-gel transition when the ionic 
strength is increased, and this is the case when this 40 
aqueous solution is introduced into the eye. 

The rigidity of the gel can be modified by adjusting 
the polymer concentration. 

The gellan gum product not only has the property of 
changing form the liquid to the solid phase when placed 45 
in a medium of higher ionic strength, but it also pos- 
sesses two advantageous additional properties accord- 
ing to the present invention. 

In effect, Gelrite @ in aqueous solution is thixotropic 
(FIG. 1) and thermoplastic (FIG. 2). 50 

These two properties enable its fluidity to be in- 
creased by shaking or slightly warming the sample be- 
fore administration to the eye. 

FIG. 1 shows the rheology of a 0.6% aqueous solu- 
tion of Gelrite® at 20* C. (shear stress (Fa) versus 55 
shear rate (Sec- 0). 

FIG. 2 shows the shear stress (Pa) versus temperature 
CC.) behavior [at a constant shear rate of 86 second-^] 
of a 0.6% Gelrite (g) solution, after a 30% dilution: 

(1) in distilled water; 60 

(2) in a simulated tear fluid. 

This latter case of FIG. 2 (2) shows the increase in 
viscosity resulting from the dilution of Gelrite ® in a 
simulated lacrimal fluid. 

Thus, the Applicant Company has demonstrated gel 65 
formation in a rabbit's eye following a 20 ;il instillation 
of a solution containing 0.4% by weight of Gelrite ® 
deionized water. 



The ophthalmic compositions according to the inven- 
tion can be used as they are in various applications, and, 
for example, to maintain adequate hydration of the eye 
(treatment of dry eye syndrome). 

Furthermore, it appears that the ophtalmic composi- 
tions according to the invention are especially suitable 
for administering to the eye any pharmaceutically ac- 
tive substance administered for curative and/or diag- 
nostic purposes. Thus, the present invention relates to a 
pharmaceutical composition which contains at least one 
pharmaceutically active substance for curative or diag- 
nostic purposes. 

By pharmaceutically active substance, there is under- 
stood one or more drugs and/or one or more diagnostic 
agents. Any active substance can be delivered by the 
compositions according to the invention. The active 
substance is preferably chosen to be soluble in water, 
although some active substances show greater solubility 
than others in the aqueous polysaccharide solutions 
according to the invention. Furthermore, active sub- 
stances can be in suspension or in emulsion (e.g. emul- 
sions of oil droplets, complex lipidic materials, lipo- 
somes) in the aqueous polysaccharide solutions. There- 
fore, the present invention relates to ophthalmic com- 
positions containing at least one active substance in 
solution or suspension or emulsion in the aqueous poly- 
saccharide solution. 

The prefered pharmaceutically active substance, used 
according to the present invention is timolol or one of 
its derivatives. 

Timolol can be used alone or in combination with 
other pharmaceutically active agents. 

The present invention relates to the ophthalmic com- 
positions preferably containing about 0.1% to about 
2.0% by weight of the polysaccharide described above, 
and about 0.001% to about 5% by weight of at least one 
pharmaceutically active substance. 

The quantities relating to the aqueous gellan gum 
solution make it possible to obtain a suitable gel consis- 
tency and to compensate the loss induced by the steril- 
ization procedures used during the process of manufac- 
ture of these ophthalmic compositions. 

Other additives can also take part in the ophthalmic 
compositions according to the invention. These are, in 
particular, other polymers suitable for topical applica- 
tion to the eye, small amounts of acids or bases for 
adjusting the pH to values suitable for administration to 
the eye, nonionic tonicity adjusting agents, surfactants, 
agents for controlling bacterial contamination or, for 
example, other additives for solubilization or stabiliza- 
tion of the active substance, or any other additive which 
assist in the formulation. 

If necessary, the gel-inducing effect of ionized active 
substances, for example, which are incorporated in the 
compositions according to the invention, can be neu- 
tralized by adding to the formulation a suitable ion 
pair-forming agent. 

For example, the slight gelling effect induced by 
adding 0. 1 mg/ml of benzalkonium chloride in a Gelri- 
te ® solution according to the invention can be elimi- 
nated by adding a small amount of acetic acid. The 
Applicant Company has in addition demonstrated that 
Gelrite ® solutions according to the invention are com- 
patible with other formulation ingredients such as vari- 
ous buffers and potential ion pair-forming agents. 

As will emerge in the examples, mannitol can be used 
in the compositions according to the invention in order 
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to regulate the tonicity of the medium without changing 
the gelling properties. 

Other tonicity adjusting agents can be used, sorbitol 
or any sugar for example. 

For their administration to the eye, the ophthalmic 5 
compositions according to the invention are adminis- 
tered in liquid form, by any conventional means for 
delivering drops, such as an eye-dropper or, for exam- 
pie, the so called "OCUMETER®" system. 

The compositions according to the invention can be 10 
administered in the usual manner for eye lotions, in the 
inferior cul-de-sac of the conjunctiva on the outside of 
the eye. 

By way of example, a drop of liquid composition 
containing about 25 mg of ophthalmic composition 15 
enables about 0.0025 mg to about 1.25 mg of active 
substance to be administered. 

The active substances, or drugs, or diagnostic agents, 
used in the pharmaceutical compositions according to 
the invention are preferably suited to the treatment of 20 
the disease from which the patient is suffering and/or to 
the diagnostic method which it is desired to employ. 

For example, if the patient is suffering from glau- 
coma, the active substance chosen in preferably a beta 
blocker such as timolol or one of its derivatives. 25 

Toxicological studies prove the good tolerability of 
geilan gums: acute oral toxicity tests in rats show that 
the lethal dose 50 (LD50) is greater than 5000 mg per kg; 
acute toxicity tests by inhalation show that exposure of 
rats for 4 hours to a nominal concentration of 6.09 mg/1 30 
does not cause the death of any animal in a group of 10 
animals, which indicates that the lethal concentration 50 
(LC50) is* greater than 6.09 mg/1. 

DRAIZE-type eye irritation tests in rabbits show that 
the product is riot regarded as an eye irritant, 35 

When these compositions contain an active sub- 
stance, the objective of such a system for delivering the 
active substance is to achieve great bioavailability of the 
substance and concentrations of this substance which 
are sustained with time. 40 

The drugs or diagnostic agents which can be adminis- 
tered by means of the ophthalmic compositions accord- 
ing to the invention are, for example: 

antibacterial substances such as beta-lactam antibiot- 
ics, such as cefoxitin, n-formamidoylthienamycin and 45 
other thienamycin derivatives, tetracyclines, chloram- 
phenicol, neomycin, carbenicillin, colistin, penicillin G, 
polymyxin B, vancomycin, cefazohn, cephaloridine, 
chibrorifamycin, gramicidin, bacitracin and sulfon- 
amides: 50 

aminoglycoside antibiotics such as gentamycin, kana- 
mycin, amikacin, sisomicin and tobramycin: 

nalidixic acid and its analogs such as norfloxacin and 
the antimicrobial combination fluoroalanine/pentizi- 
done, nitrofurazones and analogs thereof: 55 

antihistaminics and decongestants such as pyrilamine, 
chlorpheniramine, tetrahydrazoline, antazoline and ana- 
logs thereof: 

anti-inflammatories such as cortisone, hydrocorti- 
sone, hydrocortisone acetate, betamethasone, dexa- 60 
methasone, dexamethasone sodium phosphate, predni- 
sone, methylprednisolone, medrysone, fluorometho- 
lone, prednisolone, prednisolone sodium phosphate, 
triamcinolone, indomethacin, sulindac, its salts and its 
corresponding sulfides, and analogs thereof: 65 

nruotics and anticholinergics such as echothiophate, 
pilocarpine, physostigmine salicylate, diisopropyl- 
fluorophosphate, epinephrine, dipivaloylepinephrine. 



neostigmine, echothiopate iodide, demecarium bro- 
mide, carbamoyl choline chloride, methacholine. betha- 
nechol, and analogs thereof: 

mydriatics such as atropine, homatropine. scopola- 
mine, hydroxyamphetamine, ephedrine, cocaine, 
tropicamide, phenylephrine, cyclopentolate, oxypheno- 
nium, eucatropine, and analogs thereof; 

other drugs used in the treatment of conditions and 
lesions of the eyes such as: 

antiglaucoma drugs for example timolol, and espe- 
cially its maleic salt and R-timolol and a combination of 
timolol or R-timolol with pilocarpine, as well as many 
other adrenergic agonists and/or antigonists: epineph- 
rine and an epinephrine complex, or prodrugs such as 
bitartrate, borate, hydrochloride and dipivefrine deriva- 
tives and hyperosmotic agents such as glycerol, manni- 
tol and urea; carbonic anhydrase inhibitors such as acet- 
azolamide, dichlorphenamide, 2-(p-hydroxyphenyl)- 
thio-5thiophenesulfonamide, 6-hydroxy-2-benzo- 
thiazolesulfonamide; and 6-pivaloyloxy-2-benzo- 
thiazolesulfonamide 

antiparasitic compounds and/or anti-protozoal com- 
pounds such as ivermectin, pyrimethamine, trisul- 
fapidimidine, clindamycin and corticosteroid prepara- 
tions; 

compounds having antiviral activity such as acy- 
clovir, 5-iodo-2'-deoxyuridine (IDU), adenosine arabi- 
noside (Ara-A), trifluorothymidine, and interferon and 
interferon-inducing agents such as poly I:C; 

antiftmgal agents such as amphotericin B, nystatin, 
flucytosine, natamycin and miconazole: 

anesthetic agents such as etidocaine cocaine, benoxi- 
nate, dtbucaine hydrochloride, dyclonine hydrochlo- 
ride, naepaine, phenacaine hydrochloride, piperocaine, 
proparacaine hydrochloride, tetracaine hydrochloride, 
hexylcaine, bupivacaine, lidocaine, mepivacaine and 
prilocaine: 

ophthalmic diagnostic agents, such as: 

(a) those used to examine the retina such as sodium 
fluorescein; 

(b) those used to examine the conjunctiva, cornea and 
lacrimal apparatus, such as fluorescein and rose ben- 
gal: and 

(c) those tised to examine abnormal pupillary responses 
such as methacholine, cocaine, adrenaline, atropine, 
hydroxyamphetamine and pilocarpine: 
ophthalmic agents used as adjuncts in surgery, such 

as alpha-chymotrypsin and hyaluronidase: 

chelating agents such as ethylenediaminetetraacetic 
acid (EDTA) and deferoxamine: 

inmiunosuppressants and anti-metabolites such as 
methotrexate, cyclophosphamide, 6-mercaptopurine 
and azathioprine: and combinations of the compounds 
mentioned above, such as antibiotics/antiinflammato- 
ries combinations such as the combination of neomycin 
sulfate and dexamethasone sodium phosphate, and com- 
binations concomitantly treating glaucoma, for example 
a combination of timolol maleate and aceclidine. 

Generally, the tears produced by the eye dilute the 
active substance and very rapidly deplete the dose of 
active substance administered by conventional liquid 
solutions. 

The compositions containing a polysaccharide in 
aqueous solution according to the invention, of the type 
which undergoes liquid-gel phase transition under the 
effect of an increase in the ionic strength, are diluted 
less rapidly and make it possible to obtain a sustained 
delivery of the active substance dissolved or suspended 
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in the composition, (To this end, the total ionic strength 
of the fonnulation must be kept as low as possible). This 
prolonged residence time, permitted by the composition 
according to the present invention, leads to more effec- 
tive levels of concentration of active substance in the 5 
lacrimal film. 

A test which demonstrated the prolonged presence of 
the active substance after instillation in the eye of a 
composition according to the invention, and also other 
characteristics and advantages of the present invention, 10 
appear in the Examples and Figures which follow, 
which illustrate the invention (the percentages being 
given by weight). 

EXAMPLE 1 
Simple ophthalmic composition 





Sotuiion 1 


Solution 2 


Solution 3 


Gel rite (g) 


0-6% 


0.6% 


0.2% 


benzalkonium 








chloride 


0.01% 


0.005% 




mannitol 


4% 


4% 




sufTtcient water 








to make 


100% 


100% 


100% 



15 



20 



Stance incorporated in a composition according to the 
invention, a comparative test was performed. 

The removal of fluorescein from the conjunctival sac 
of rabbits after an installation of fluorescein solution, 
either in distilled water or in a vehicle containing 0.6% 
Geirite <g), was observed by far UV radiation. 

In the eyes treated with the aqueous solution, no 
fluorescein remains 3 hours after the instillation, 
whereas in the eyes treated with the vehicle containing 
the Geirite ®, fluorescein is still persisting 5 hours after 
the instillation. 

EXAMPLE 5 

Composition for delivering timolol 

Studies are carried out in vivo to obtain data concern- 
ing the timolol bioavailability from the solution I of 
example 2. The concentration of timolol in aqueous 
humor of non-anaesthetized Albino Rabbits is valued. 
Single 50 ^1 Instillations of Geirite (g) Formulations 
(Example 2 solution I) and Timoptic ® commercial 
solutions, each Containing 0.25% of timolol are carried 
out for a comparison purpose. The Geirite <r) Solutions 
were Made with 3 Different lots of Geirite (g) Polymers. 
The obtained results are shown in the following table: 





Concentration of Timolol in Aqueous Humor 


in ug/ml ± S.E.M. (N) 


Time after 
instillation 


GELRITE FORMULATION 


Average 




in minutes 


Lot 001 Lot 002 Lot 003 


Geirite 


TIMOPTIC 


30 
60 
120 
180 


4.1 ±: 0.6 (S) 3.0 ± 0.3 (20) 3.2 ± 0.4 (8) 
2.3 ±1 0.4 (8) 2-9 ± 0.3 <20) 3.0 ± 0.2 (8) 
I.l ± 0.2 (4) 1.6 i 0.2 (16) l.l ± 0.1 (8) 
1.0 =h 0.2 (4) 0.8 ± 0.1 (16) 0.6 ± 0.05 (8) 


3.4 ± 0.2 (36) . 
2.7 ± 0.2 (36) 
1.3 ± 0.03 (28) 
0.8 ± 0.06 (28) 


t.l ±0.1 (20) 
0.9 ± 0.3(16) 
0-4 ± 0.05 (8) 
0.3 ± 0.04 (12) 



Note: 

S.E.M. => Standard Error of Mean 
N = Numtwr of eyes icstcd 



EXAMPLE 2 
Composition for delivering timolol 





Solution 1 


Solution 2 


Solution 3 


timolol maleate 


0.34% 


0.65% 


0.34% 


Geirite (g) 


0.6% 


0.6% 


0.6% 


benzalkonium 








chloride 


0.01% 


0.01% 




mannitol 


4% 


4% 


4% 


sufficient water 








to make 


100% 


100% 


100% 




EXAMPLE 3 




Composition for delivering dexamethasone phosphate 




Solution I 


Solution 2 


Solution 3 


dexamethasone 








phosphate 


0.1% 


0.05% 


0.1% 


Geirite (g) 


0.6% 


0.3 % 


0.6% 


benzalkonium 








chloride 


0.01% 


0.01% 


0.01% 


mannitol 


4% 


4% 


4% 


sufTicient water 








to make 


100% 


100% 


100% 



50 



EXAMPLE 4 

To demonstrate the prolonged presence of the active 
substance in the eye. after instillation of the active sub- 



The invention is not limited to the above examples; 
the compositions of the invention are also useful for 
their application in all pharmaceutical compositions, 
which are intended for contacting with the physiolog- 
ical liquids. 

Thus, the present invention also concerns the injecta- 
ble compositions, for intradermic or intramuscular in- 
jections, and external topical compositions which are 
intended for contacting with mucous membranes. 

We claim: 

1. A liquid aqueous ophthalmological composition 
comprising 0.1 to 2% by weight of gellan gum which on 
administration to the eye changes from a liquid to a gel 
as a result of the ionic strength of the lacrimal fluid. 

2. The composition of claim 2 which additionally 
comprises about 0.001% to 5% by weight of an ophthal- 
mic pharmaceutically-active substance. 

3. The composition of claim 2 wherein the phar- 
maceutically-active substance is selected from the 
group consisting of an antibacterial substance and an 
anti-glaucoma drug. 

4. The composition of claim 3 wherein the antibacte- 
rial substance is norfloxacin and the antiglaucoma drug 
is timolol maleate or a carbonic anhydrase inhibitor, 

5. The composition of claim 1 wherein the gellan gum 
is Geirite, 

6. The composition of claim 5 which additionally 
comprises about 0.001% to 5% by weight of an ophthal- 
mic pharmaceutically-active substance. 



60 
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7. The composition of claim 6 wherein the phar- 
maceutically-active substance is selected from the 
group consisting of an antibacterial substance and an 
antiglaucoma drug. 

8. The composition of claim 7 wherein the antibacte- 



10 



rial substance is norfloxacin and the antiglaucoma drug 
is selected from the group consisting of timolol maleate 
and a carbonic anhydrase inhibitor. 



10 
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